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OBJECT OF THE PRESENT PAPER. — As a 
result of the paper we recently read before 
the Académie des Sciences (*), in which 
certain people have thought to see an 
invention to some extent connected with 
the various projects of « guided flight » 
brought forward during recent years, we 
feel it is indispensable to resume below 
the principal technical data on which our 
investigation was based. 

It will thereby be seen that without 
making use of methods entirely outside 
the railway sphere, such as the use of 
suspension and balancing planes, or even 
air screws, and without pretending at the 
start to deal with the very complicated 
problem of the ultra-rapid conveyance of 
heavy and bulky loads, we have limited 
ourselves to a precise statement of what 


can be done to-day as regards light rail- 
ways adapted for the ordinary movement 
on rails of automotors of small size and 
light weight of carefully designed aero- 
dynamic form capable of running at speeds 
which have become industrially available. 

At the moment when the attention of 
economic organisations is greatly excited 
by the question of the acceleration of the 
postal services, it appears to us opportune 
to underline, in this respect, the remar- 
kable possibilities of speed and capacity 
in railways when adapted to the proposed 
extra light transport. 

Furthermore, the only points that could 
be in question were the fundamental prin- 
ciples of the formula which in the present 
state of industrial knowledge seemed to us 
the most simple and the most economical 


(‘) Translated from the French, 


(2) Proceedings of the Académie des Sciences. Meeting of the 3 January 1928. Gauthier-Villars & Co., 


Publishers, Paris. 
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ultra-high speed automotor. 
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| of a typical span. 


(Drawings by R. Lardat.) 
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to utilise : it is advisable in consequence V = Speed in kilometres per hour; 

to take the numerical quantities of the cal- K, = Co efficient of rolling friction, 
culations as giving an indication of the properly speaking taking into 
order of magnitude only so that definite account the use of ball bearings, 
ideas may be formed. rubber tyres, etc.; 


K, = Co efficient taking into account 
the way the locomotor behaves 


1° Calculation of the tractive effort. — at speed on its track : rolling, 


We have used the ae formula for the oscillation and vibrations COnea 


by the rubber tyres; 


I. — The ultra-rapid locomotor. 


F=Pp. [Kr Kae Baa oie se 2 K,, = Co efficient of aero-dynamicresist- 
ance, the product of the normal 
in which co etlicient K — 0.085 by the 
F = Tractive effort in kilogrammes on~ constant of reduction 9 due to 
straight level road ; the elongation (ratio between 
P = Total weight in metric tons of the the length and the diameter at 
locomotor in working order; ‘ the largest cross section) taking 
S = Frontal surface to be taken into into account the profiled shape 
account in view of the aero- of the body and the perfect 
dynamical resistance (maximum smoothness of the outside sur- 

diameter of 0.35 to 0.40); face. 


Taking P = 125 ker. (275.6 Ib.); S = 0.125 m? (1.34 square feet); V— 360 km. 3 
(225 miles) an hour and supposing the co efficient of Renard o =4 with an elong- 
ation of 5 to 7 as being applicable, we get : 


= 0.128(10 + 0.10 x 3.6) + 0.0027 x 0.195 x 100° = 4.798 ker. _ (10.4 Ib ) 


from which the average power : ~~ a 
Wi 100 x 4.795 x oe x = = 7.5 H. P. approximately, 2 


or say 8/10 ofa H. P. under reserve of course of the definite design of the motors and 
the cooling arrangements, taking into account the real duty they would have to cover: 


2° Acceleration at starting and when of adhesion, a period” Sune which we 
running up to speed. — In this matter two can write : 
phases should be distinguished : dv 
— = Fr e 
@) PERIOD OF ACCELERATION AT CONSTANT “ab pos ~ 9@)) 
power, Fy, < P- fy, fa being the coefficient in which g is the acceleration due to gra- 
(') Cfr. A, Taton : Paper before the Académie des Sciences of the 29 December 1924. 
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vity and o(v) the general expression for 
the resistance to movement which can in 
practice be reduced to the quadratic form: 


o(v) =a+ BV?. 

When VY, being the speed of application 
of full power, we have for the expression 
of the time corresponding to this period : 
ae (“ dv 
jap ETA pe Ps seep —f. V8 


whence, by the usual method of solving 
the quadratic, taking : 


We should get in the same way for the 
corresponding distance : 


Pp 4 
298 : te ite Nina 
that is for: 

P = 195 Ge 1s 
Lee) 8 = 0.0003475 
Ve= 95.5 u = 0.043 
G==2 59°81 i) = DROP, 
ie ASP Se 


b) TIME OF ACCELERATION AT FULL POWER, 
time during which the effort F, varies 
either simply inversely asthe speed accord- 
ing to the formula : 

85 


Fp cd a cr Gy a K, 


or according to a formula, such as a parabola for example, taking into account the 


variation of output. 


In the first case the formula of the times will be, V,, being the real speed : 


g rn dv 
De ke 


ot = BV? 


os: Vin V- dv 
Fae BV3 + aV —K 


or for a limiting speed of 110 m. (8614 feet) a second : 


g van V- dv 
De i B(V — 110) [(V + 38) + 114.8°] 
whence : 
FS Bae! a “Vm 35.9 dv 0.395 — 0.0027 V 
114.83 - 6+ ty=— Sve aa 
114.8 
whence finally : ; pe 
4140—Va : m3 Va ae L 114.8 
(33.9 yy 8 As (are tg Pe pa are ig-frp g} + 17-79 [ay 
| ‘4148 
tp =P 


114.8". B» g. 
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In the same way for the corresponding distance : cera 2 
M0—Va Vin +55 ‘ Va t55 io 114.8 
3,949 . if one are WO Sa 114, 8 —ar>°rc tg 14.8 4 614 L 1, + Be cr 55 
4 aR 
Cn = Pp = 
114.8°- 6-9 
whence for V,,; = 100, i. e., 360 km. (225 miles) an hour : 
tp = 186°. Cy = 14 638 m. 
and in total : 
T= ig itp 208 si E = é, + e) = 14 860 m. (48 754 feet). 


3° Automatic safety braking. — The 
question of safety braking, coupled to the 
automatic interruption of the supply to 
the line is most important to consider on 
account of the exceptionally high figures 
taken for the speeds which affect the cal- 
culation of the inertia to be absorbed, but 
it does not present any particular diffi- 
culty : in the case of electro-magnetic 
braking on the rail, the length of stop 
being taken as 2 000 m. (6 562 feet) the 
longitudinal effort taken by the aerial line 
would not exceed : 
ae 125 1 
Coster canon 
or about 35 ker, (77 lb.), which is not in 
any way excessive. 


4° Effect of the wind. — A head wind 


~ of Wi km. an hour would reduce the avail- 


1 \2 
able power by 0.003 x 0.198 (a - So 


: ae for V’==120 the maximun speed 


Vin = 400 (250 miles) corresponding to the 
effective local used power of 10 H. P. would 
=e = 372 km 
(231 miles} an hour, taking into account 
the fact that a wind of this intensity does 


be reduced to 400 x 


not blow continuously but in gusts of 
varying intensity. For a similar side 
wind at an acute angle to the track of y 
the adverse speed would obviously be V’ 
cos y. 

As for the side thrust, it would be a 
maximum when y = 90° and with a wind 
of 72 kgr, per square metre (14.75 lb. per 
square foot) of the longitudinal section of 
the fish shaped body suggested (adopted 
by analogy from the maximum laid down 
in the Ministerial decision of the 30 April 
1927 on overhead electric power lines). 
This thrust of the order of 50 kgr. (110 Ib.) 
would then be without appreciable in- 
fluence either on the rolling resistance 
‘increase of tractive effort Jess than 
0.25 kgr. (0.55 lb )] or on the mechanical 
reaction of the superstructure properly 
stayed as we shall see in the transverse 
plane. 

These are the general figures for the 
traction by the ultra-rapid automotor con- 
sidered, having a power of 8/40 H. P. 
which would be ample to rely upon 
under all circumstances on a section with 
few gradients, for us to be able to count 
on commercial speeds of the order of 
360 km, (225 miles) an hour. 
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Il — The aerial track. 


1° Calculation of the suspended overhead 
structure. — The general formule of 
T. Godard are to be used here, the case 
of very long spans, of very flattened out 
arch, having a stiffening girder taken as 
being held in above the supports, only 
having to support the passage of light 
individual weights, which when crossing 
can cause a maximum localised additional 
load of 250 kgr. (550 Jb.). 


The notation adopted is as follows : 

| =the length of the girder between 
bearings, 

p =the permanent load per linear 
metre : cables, girders and sus- 


penders, 
P = travelling load, 
} = the distance from this concentrat- 


ed overload to the left-hand end, 

’ = the distance from this concentrat- 
ed overload to the right-hand 
end, ‘ 

N = the horizontal component of the 
tension in the cables under the 
action of the permanent load, 

AN = the increase in this component due 
to the action of the overload P, 


K = a constant given by the expression 
/N + AN 
i ae SS in which [ is the 


moment of inertia of the section 
of the girder and E the co-efli- 
cient of elasticity of the metal, 
AN being very small in relation 
tot N, K has the approximative 


§ N 

value’ / EL 

== the coefficient of expansion of the 
steel, 

< =the variation of temperature in 


regard to the temperature of 
construction, 


oO? 
| 


R, =the reaction over the left-hand 


support, 

R, = the reaction over the right-hand 
support, 

uy == the bending moment at the left- 


hand support, 

ug == the bending moment at the right- 
band support, 

d = the spacing of the suspenders, 

A, = the unit increase in tension in the 
suspenders due to the action of 
the moving load, 


A» is given as 
Ay = prek® + pige — hx 
or Ap = p',ek@ + p',e—Fr, 


Fig. 3. 


according as (fig. 3) the coordinates a, y, 
of the superstructure are considered in 
relation to one or other of the systems of 
axes Ax, Ay, Ba’, By’, passing respectively 
by one or other of the two ends A and B 


- of the cable: py, pe, p’;, and p's are cons- 


tants depending on ) and 2’. 
Taking also, with e the base of the 
logarithms : 


eklt4{ — @kN +1 RN 
GS Bik aay eo oe Ip aaa ee 
ekN' — ek 
Sie arr pat 


ity. ae a 
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A) INFLUENCE OF THE ROLLING LOADS. — (3%!) po = py ° 
The formule are the following : (Avis) Ap = 5. aN ; ae (eka + ekor') 
Bae 

(1) simi M and T retaining the same form as 
AN P K?))’ — Kl(a—a) above but with new values of p, and pp. 
(2) N pl aK ab Ki 20 It should be noted, however, that taking 
* 6 into account, on the one hand, the use of 
me 2 AN metal towers, and on the other, the semi- 
atl a ce ae ee oo rigidity of the structure considered, the 
iB+i}—' effects of the variations of the temperature 
(4) pipe = P oo P5 a ae . would be inappreciable as regards the 
Beenie AN oa <i, increase in fatigue of the parts of the 
OTA hes lie lM ace ear se overhead structure. We shall therefore 
elie Nee aa no ieee it in ae Ome: of 
23 23 Ses SS the strength, but we shall see later on 
yen E - . - what effect it has on the thermic deforma- 
7) y= 5 : ae — [(uact pre) + tion of the longitudinal profile of the iine. 
K - R, 2. Calculation of the details of the 

TMS Hast 2 overhead structure. — Let us consider, 
(8) re . as a first indication, a typical span of 
; KP 500 m. (4 640 feet) with 25 m. (82 feet) 
AD ie a a ae QeK(l —2). sag, and let us suppose the supports at 
(10) pi’. =p"; — KR. the same level, that is to say, that the 


overhead structure be symetric as regards 
anormal plane passing through the centre 
of its span. 


Then, the fundamental formule for the 
bending moment and the shear T deduced 
from the preceding one given for a section 
of abscissa @ : 

he —hx 
(yore ee BT nea CAN 


a) CALCULATIONS OF THE BOOMS OF THE GIR- 
perk. — All that is required is to study 


- —— the variations in the maximum bending 
Ks Beau moments calculated in the various sec- 
(12) T= dM <= pich® — pee ie ‘tions of the girder caused by the live load 
dx K moving in the first left-hand half of the 
span, 

B) INFLUENCE OY THE TEMPERATURE, — When this live load is at 1/10th of the 
The formule are the following : span, i. e., at 50 m. (164 feet) from the 
(Adis AN _K?. NN Bt left support, the maximum bendine mo- 

N p? Klay» die whl Sal—4 ment is equal to 
2 12°? 0.0245 x 500 x 250 = 615 Kg. M. 
Kl AN l (4 448 foot-pounds) ; 


9PN i When it is at 100 m. (398 feet) this maxi- 


— 
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mum moment is 4 465 Kg M.(32 295 foot- 
pounds). 

When itis at150 m. (492 feet) this maxi- 
mum moment is 4 588 Kg. M. (33 185 foot- 
pounds), and when it is at 200 m. (656 feet) 
this moment is reduced to 4 265 Kg. M. 
(30 850 foot-pounds). 


From the curve plotted through these 
maximum bending moments (fig. 4) we 
take as maximorum value 
M = 4 600 Kg. M. (33 270 foot-pounds). 


Fi aia 03 04 


Fig. 4. 


To arrive at M we haven taken a co- 
efficient of rigidity : 


N. 
: Kis? [Ax 10, 


as in the case of modern suspension 
bridges of long span, so that as a first 
approximation p = 25 kgr. (55 Ib.), 
whence : 
Pe 

The moment of inertia of the section of 

the run of the girder then becomes 
Jeo IN tt 
I a 100K ——s 0.0031. 

Furthermore, if h is the depth of the 

girder and Q the area of the booms, when 


taking Q x 7800 = 12 kgr. (26.4 lb.), 
whence Q = 0.0046, we shall have approxi- 
mately from the usual formula : 

h? 


Q — = 
QT I, 


0.0034 
pao {7 orto x 4.40 m. 


As regards the maximum stress in the 
booms, it would be given by 
M_ 4600 x 1.40 
I 0.00314 
Vv 
per square millimetre (1.27 English tons 
per square inch), which gives an ample 
margin of safety whatever accidental addi- 
tional loading, due to gales, snow, ice, etc., 
have to be covered. 


, that is barely 2 ker. 


b) CALCULATION OF WIND BRACING. — It 
will meet the case if the maximum shear 
stresses arising near the central part of the 


span are calculated. If we take } = = 
we get : 

ae agit 
T — Plt = 25 (p e° — poe—), 


with p, = 0.034 and p. = 3.764, whence 
T = 125 kgr., which gives a maximorum 
value in shear of about 63 kgr. (138.9 Ib.) 
per upright. 

-The minimum section of the T bars of 
the uprights being 60 square millimetres 
(0.09 square inch) we see that the stress 
which amounts to about4 kgr. per square 
millimetre (0.635 English ton per square 
inch) taking into account, if need be, of 
the coefficient of excentric loading in the 
parts in compression, also leaves a consi- 
derable margin to meet all emergencies. 


¢) CALCULATION OF THE SUSPENDERS. — The 
unit increase in tensile stress Ap, carried 
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by a suspender, as the result of the pas- 
sage of the moving load, has its maximum 
maximorum value at the middle of the 
span where we get : 


Ap = pe + pee-> = 2 kgr. 525 (5.57 Ib.) 


The suspenders being taken as spaced 
5 m. (46 ft. 5 in.) apart, the assembly 
of two suspenders corresponding to one 
single section, will therefore carry in all 
a load equal to about 138 kgr. (304 Ib.), 
that is, 70 kgr. (154 Ib.) each. Piano 
wire of extra high tensile steel of 4 mm. 
(8/32 inch) diameter wil] therefore be 
amply large enough. 


d) RETAINING CABLES AND TOP CABLES. — If 
a represents half the transverse spacing of 
the columns such that the transverse sta- 
bility of the axial girder is always assured 
by the angle of the suspension itself even 
under the thrust due to gales of 120 ker. 
(265 |b.), we ought to get approximately : 

[ 


a=120s- me s being the maximum sur- 


g 
face acted on by the wind, / the deflection 
and p, the permanent unit weight of the 
suspended superstructure : 


whence for s = 0.20 m? (2.22 square feet) 
{= 25 m. (82 feet) p, = 35 kgr. (77 lb.), 
a= 17m. (55.77 feet). 


For a spacing a’ < a, the increase of 


_ thrust p, to be balanced out especially by 


the retaining cable would be under the 
mentioned conditions mentioned above, 


» 2.65 — 0.15 a’ 
Ouy Os a? 
or for a’= 10, for exemple, py = 1 kgr. 800 


Pv = 42 x 


(3.96 lb.) which would correspond to two | 


retaining cables weighing about 4 kgr. 
per linear metre (2 lb. per yard), 


——— ot oe Se 


To calculate the top cables, all that is 
needed is to obtain the value of the maxi- 
mum tension to be balanced, which for a 
span of 400 metres (1 312 feet) would be 
equal to (4) : 


oe x —- . = 500 kgr. (1100 Ib.) 

The top cables therefore of the adjacent 
section will have the total cross section 
o = 20 square millimetres (0.0341 square 
inch) in steel wire — but there is no 
reason why the supply feeder of the elec- 
tric trolley should not also do this work. 


e) STRUCTURAL AND THERMIC DEFORMATIONS. 
— It is of the greatest use to be able to 
ascertain the order of magnitude of the 
deformation of the profile of the running 
line under rolling loads and temperature 
variations. For structural deformations, 
let us consider in the case of the type exa- 
mined the expression for the length L of 
the suspension cables at the temperature 
when constructed : 


Sf? 32. ft 


whence L = 503.313 m. (1 651.319 feet). 


Let us first of all imagine the girder as 
having no rigidity. The effect of the con- 
centrated live load P is to cause for each 
position of this load a deformation easily 
calculated at points by means of Résal’s 
equations, which we think it unnecessary 
to reproduce here. 


In particular,the maximum deformation 


Y) Ctr, ‘Letvekucet Le Goce. Note to the Aca- 4 
wee des ae Ma 
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which occurs when the moving load is at 
the middle of the span can be deduced 


(eRe 
A ess Oh ee 
Se ae 25 + 55) 
a i] 3/ Ae PP p27 
a, 4p? 


from which we deduce f’ = 25.238 m. 
{82.803 feet), 


The effect of the rigidity of the girder is 
seen in a reduction of the deformation, 
approximately equal, according to a note 

M 
of Mr. NAN? 
get at the middle of the span a struc- 
tural deformation : 


fn =f’ — 0.14 = 25.10 m. (82.35 feet) 
that is to say, a maximum increase in 
gradient of the longitudinal section of less 
than 1/2 millimetre per metre (4 in 2 000) 
which is practically negligible. 


Pigeaud to whence we 


The variations in deflections through 
temperature changes from the temperature 
of construction are given appros lately 
by the formula : 

Reed Gite 2 


Sesrey a CUE he 


a being the coeflicient of linear expansion 
of the steel of the cables. For ¢ = 25° 


for example, 6 = 0.52 m. (1.7 feet) or a - 


maximum increase in gradient on the lon- 


gitudinal section of 2 millimetres per 


metre (1 in 500) which is not excessive 
even on ultra high speed railways. 

It must however be noted that the defor- 
mation due to temperature changes varies 
inversely as the square of the span, so 
that if the length of the standard span 
were made 400 m. (1 342 feet) the maxi- 
mum lowering of the level at the centre 


p3 
4p 


from the following equation in which f’ 
is the new ordinate : 
fewdee Ae 

2 2p 16 — p® 


(Uae aa 
Seen Ay? | 


would be reduced to 0.52 x a= = 0.33 m. 
(1.08 feet) the maximum variation in 
gradient being in consequence brought 
down to only about 4 millimetre per 


metre (4 in 4 000). 


Zz 
Salim 


f) Tue towers. — The towers would be 
of an uniform type (‘) built up of four 
corner members formed of 60 x 60 x 6 
(2.362 x 2.862 x 0.2386 inch) L bars 
weighing 5.275 kgr. a metre (10.63 Ib. 
per yard) with stays of 60 x 60 x 6 
(2.362 x 2.362 x 0.236 inch) L bars stays 
having 60 x 6 (2.362 x 0.236 inch) flat 
cross braces. 

The maximum Toad in compression 
load in the case of two panels 600 m. 
(1 968 ft.6in.) panels being about 12500 kgr. 
(27.560 lb.), the maximum constraining 
resistance required of the corner members 


_ will be : 
pba =4.1 kgr. persquare millimetre 
Se (2.6 tons per square inch). 


which gives a factor of safety of over 10. 


The weight of each tower 35 m. 
(114.8 feet) high would be about 2 500 kgr. 
5.000 _ 
5u0 3 

per yard) of the overhead structure. 


== 10 kgr. per metre run (20 Ib. 


Cost of the overhead structure. — Based 
iPS ae ee Se ee Eee 

(4) A design like that due to Mr. Leinekugel 
Le Cocq, Engineer, suspension bridge builder. 
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upon the above figures, which are ob- 
viously minima, the aerial overhead struc- 
ture considered would include, per metre 
(per yard) run : 

1. Rolled steel (rigid girder with run- 
ning rails) about 15 kgr. (30 lb.) ; towers 
10 kgr. (20 Ib.) or in all 25 kgr. (30 1b.). 

2. Gables of high tensile steel with a 
working strength of 35 kgr. per square 
millimetre (22.22 tons per square inch), 
an elastic limit of 70 kgr. (44.45 tons per 
Square inch) and a breaking strength of 
{20 kgr. (7619 tons per square inch) 
weighing 8 kgr. per metre (16 lb. per yard) 
including suspenders. 

We may take the price of rolled material 
at 115 francs the 100 kgr. the basic price, 
which is definitely higher than anything 
probable at present. 

The cost of manufacture, in view of the 
standardisation of the details of the metal 
constructional work, can be taken as 
equal to 60 francs, and the cost of erection 
at 45 francs per 100 kgr. The construc- 
tional work will therefore cost in all 
25 x 2.20 fr. = 53 francs per linear metre 
of line (46. 15 fr. per linear foot). 

The wire used in making the suspension 
cables can be valued at 185 francs the 
100 kgr. and the cables at 340 francs the 
100 kgr. in position, that is to say, 
25 francs per linear metre of line (7.64 fr. 
per linear foot). 

To sum up the cost per linear-metre of 
the metal, aerial overhead steel structure 
would be about 80 francs (24.38 fr. per 
linear foot). If to this estimate be added 
the cost of the electric feeder line and the 
masonry foundation of the towers, it will 
be seen that even with an additional 25 °/, 
in the weight of the steel work provided for 


the total cost price would only vary be- — 


tween 100 to 120 000 francs per kilometre 
(160 000 and 193 000 fr. per mile). 
Ill. — Operating figures. 


Particulars and calculation of cost. — 
Let us take : 


Pr = the cost price of carriage per useful 
metric ton- kilometre, 
K,, = the coefficient of useful load, that 


is to say, the ratio of the useful 
tonnage C,,, to the gross tonnage, 
Cy + Pm, Pn being the tare or 
dead weight, 

K, = the coefficient of aero- dynamic 
resistance, 

Ko = the coefficient of mechanical effi- 
ciency of the locomotor, 


K,, = the coefficient of potential energy 
of the locomotor, 


w = cost of the horse power hour, 
, = the actual length of the line, 


L 

L, = the virtual length of the line, inclu- 
ding the increases due to the 
gradients and curves, 

V = average running speed applicable 
tows; 

K; = the coefficient of immobilisation 
of the rolling stock, 


§ = the lay-off time in hours between 
two trips of the same locomotor, 
T = the gross tonnage hauled per trip, 
Q; = useful daily tonnage, 
Pa = the coefficient of amortization of 
the motor, 


Pe = the coefficient of annual mainte- 
nance of the motor, 


p'a = the coeflicient of amortization of 
the rolling stock, 


p'. = the coefficient of annual mainte- 
nance of the rolling stock, 


p"« = the coefficient of amortization of 
the fixed plant, 


p”. = the coefficient of annual mainte- 
nance of the fixed plant, 


K, = the coefficient of capital charges, 
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== the minimum headway, 


60 Y F : 
| = seas: the headway interval in min- 
utes, 
N = the number of automotors in ser- 
vice, 


@(t) = Ky Ky - V+ 8K, 5 ~ VF, 
== the tractive effort in kilogram- 
mes per gross metric ton at the 
speed of V km. an hour, 


ieee eae ade 


p(v) - K the horse 
power of the locomotor. 


p 78 


In the various practical applications it 
will be supposed the useful tonnage offer- 
ed is 25 kgr. (55 lb.) for each automotor 
following another at regular intervals, 
that is, for example, at the maximum 
erate ,1 = for the four busiest hours 
of the day of the period between 9 to 
20 hours, at 5 minute intervals for the 
other seven hours of the same period, and 
at a rate of 15 minutes between 6 and 


9 hours and from 20 to 24 hours. re 


Under these conditions : 

1. The power consumed in relation to 
the movement of the dead weight of the 
automotors remains constant for a given 
speed. 

2. The total number N of automotors 
included in the rolling stock park ought 
to be fixed in accordance with the useful 
maximum output. 


whence, finally : 


seme e! 
Pie: Oped 


In this way wet get : 
a) The daily number of single journeys : 


N= a i 119] 


b) Horse power hour used daily : 


‘pede 
C;=(NX 0.100 + Q,) o(V) - LK TEX TB 


c) Maximum useful tonnage carried per 
automotor per hour : 
V © T . K,, j ‘ee 
1 ech Vie (1 wr K;) 
d) Maximum hourly tonnage : 


Q _ 60T- K, V- T- K, 
1S 0 Say ae 


iu 


e) Number of automotors in the stock : 


——_—__—_ 


(4 — Ki) 


f) Amortization and daily maintenance 
of the motor stock : 


Am=N- W: Kn 


N =(L, + 4V) - 


_ Pa + Pe 
365 

g) Amortization and daily maintenance 
of rolling stock : 
=o _w. pat pe 
A, = N(T—W.: K,) 365 

h) Amortization and daily maintenance 
cost of the fixed plant : 
Da ae ie 

365 


A; = Ly 


Cj6 + (1 + Kg) (Am + Ar + Ay) 


or developed, giving the coefficients the following values : 


Ke 2033; 
pe = 10, 


@ = 0 60, 


Ky = 10, 
ue = 10, 


h=4, 


fq 10, 


Vor 
oe 7 [8240 + 0.0003479(V) (100, + 2.437V + 0.044 + 224) 0.0187 iH 
j if 


e 


K; = 0.40, 
p'e = 5, 


g= 0A, 


K, =0.10, 
pla = 8000, p". = 2.000, 
gs 
4 Lye 1.25, 
Vv 
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This formula now has only three va- 
riables : the daily useful output Q;, the 
average running speed V and the length of 
the line L,; but this third factor does not 
come into question, as it were, as regards 
the two essential elements of the cost 
price : the amortization and the kilometric 
cost of maintenance of the line and the 
daily consumption of power per kilometre 
corresponding to a given output. 


Influence of the speed V. — If the speed 
be taken as the only variable, the condi- 
tion ae = 0 theoretically allows us to 
determine the speed of economical work- 
ing corresponding to the maximum out- 
put, but this consideration of the econo- 

-mical speed becomes secondary in the 
cost of extra light transportation in which 
the matter carried (letters, securities, 
luxury goods, ete.’ can bear the increase 
in cost due to the increase in speed which 
it is always advantageous to make the 
maximum practicable. 


Influence of the daily tonnageQ;. — This 
factor must appear in the formula for the 
cost price, and it would obviously be of 
value, from the economical point of view, 
to make the output the maximum allowed 
by the headway formula. However, this 
factor of limited output is not of first 
importance when the insignificant effect 
of the cost price per metric ton-kilometre 


on the unit (usually the gramme) of the 


material carried is considered. 


Influence of the first cost of the line. — 
This influence becomes the greater, the 
smaller the daily traftic handled. If the 
output were so small as to be covered by 
outward and return trips it would be pos- 
sible to use one line only, the coefti- 
cient p", et p", would then be reduced by 
about as much as 3/8 and 1/4 respecti- 
vely. But the essential value of the ultra- 
high speed method of transportation con- 
sidered lies above all in the regularity 
and volume of traffic handled, especially 
during the busiest hours. Operating with 
two lines is the only possible method 
under such conditions. 


1V. — Data for an application. 


[It is evident, @ priori, that the pro- 
posed system cannot and ought not to 
be considered except in countries where 
there exists over relatively short distances, 
heavy commercial trattic— business, bank- 
ing, etc., letters or papers — and can only 
be justified between centres of dense 
population such as is the case of the large 
cities of Western Europe. In other cases, 
air transport, properly speaking, will 
obviously be more suitable. 


Table 1 below sums up the information 
as to the application of the formule of 
cost price to the case of the working of a 
line 400 km. (250 miles) long, operated 
according to the various hypotheses con- 

sidered in column 1 of the said table. 
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TABLE I. 


Cost price of transportation per metric ton-kilometre 
by aerial railway according to the ratio of the traffic carried to that offered. 
a 


Cost price 
ee ghotal Darcentice per metric ton-kilometre. 
USEFUL DAILY TONNAGE. : of traffic we 88 ————— 
: MeAMED icred 2 used. V = 360km.| V = 240 km,| V = 120 km. 
journeys. |metric tons. | (225 miles) | (150 miles) | (75 miles) 
an hour. an hour. an hour. 
ee ee Sees Se 
Francs. Franes. Francs. 
472 24 4) 44.67 me 
Q; =0.500 t. in each direction. } 352 18 5.6 3 36.27 ee 
232 R22 8.4 Rs 32.80 
( 472 24 8.4 22.40 ‘S 
Q; = 1 t. in each direction. . . 352 18 Ber 18.18 te 
REY 12 16.8 er. 16.40 
A472 24 42 4.58 SS 
Q; = 0t. in each direction. . . 352 18 56 © es 3.68 Ba 
232 | 12 | 84 7 a? 3.29 
( 472 24 100 1.98 A 
Qm = Output atfullload: ; ..< 352 18 100 aa Dratnd: Rtg 
|= 932 1-10) 00 2 &: 2.74 
( 1 440 72 | 100 0.75 ¥ 
Qu == Maximorum output 960 48 100 a 0.81 me 
{ 480 24 100 + % 1.38 


Table 2 below gives concrete cost -prices applied to the carriage over a distance of 
400 km. (250 miles) of a letter weighing 20 gr. (0.7 oz.) and a parcel weighing 1 kgr. 
(2.2 lb.). 

TABLE 2. 
Cost price of transportation over 400 km. (250 miles) at a speed of 360 km. (225 miles) an 


hour of a letter weighing 20 gr. (0.7 oz.) and a parcel weighing 41 kgr. (2.2 lb.) under 
various percentages of use of the traffic offered varying between 1 and 100 °/o. 


Cost price of carriage 
for a distance of 
P. 400 km. (250 miles) 
ercentage 


USEFUL DAILY TONNAGE. ee Remarks. 
used. of the letter] ofthe parcel 
weighing | weighing 
20 gr. l ker. 
(0.7 02.) (2.2 1b.) 
—— eee ______ 


Franes. | Francs. 
Q; = 0.120t.ineach direction. 1 1.49 | 74.29 a 
Q; =~ 0:500:t. — — . ae, 0.36 17.87 Daily receipts : 17 8(0 francs. 
Q; = 1t. — SSS4 8.4 0.18 8.96 Annual receipts ; 6 500 000 francs. 
Qj = Zt. —_— — ,. 16.8 0.09 4.50 Average receipts for a single 
d Q; rr ate om? . : 42 0.037 1.83 journey : 18.80 francs. 
(Oy = ig —_— — .4f 100 0.016 6,79 
Qu = 36t os —_— 100 0.006 0.30 
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Vv. — Comparison with other methods of transport. 


For comparative purposes, it will be of interest to give in tables 3 and 4 below 


some particulars as to the cost price of the various methods of transportation, which — 


could be used in concrete cases analogous to those considered above. 


TABLE 3. 
Determination of the cost price of automobile transport for a distance of 400 km. (250 miles) 
at a speed of about 75 km. (47 miles) an hour. 


Cost price 


Coefficient —————S 
DAILY USEFUL TONNAGE (1). per metric Remarks. 
of use, per 


~ ton- 
kilometre. kilometre. 


ee ee Se ee 
1. Motors of 1.1 to 1.5 litres cylinder volume. — Useful load : 125 kgr. |275 1b.). 
Q; = 0.080 t. in each direction. 31 °/. | 1.70 fr. [42.40 fr. | (1) The cost price is independent 
of the frequency. 
Q; =0.160t. - — — . 62 °/, | 1.70 fr. |21.20 fr. 
Q; =0.250t. ~— =.) 100%), 1 70 tr. 103560 tr: 


2. Motors of 2.5 to 3 litres cylinder volume. — Useful load : 400 kgr. (880 ib.). 


Q; = 0.250 t. in each direction. 31°, | 2.50 fr. (20.00 fr. 
Q; =0.500t. — : 2 %/, | 2.50 fr. |10.00 fr. 
Q; =0.800t. — ; Of ih Ores | AGeeiuter 


TABLE 4. 
Determination of the cost price of air transport over a distance of 400 km. (250 miles) 
at an average route speed of 160 km. (400 miles) an hour. 


Number Cost price 
Percentage AG 
DAILY USEFUL TONNAGE i 
s 3 er metric 
utilised, return ae . ton- 


journeys. | flying hour. | ji1ometre. 


a 


1, Flying machines of 100 H. P. with a coefficient of useful doa 
of 90/760 kgr. (200/41 650 ib.). 

Q; = 0.045 t. in each direction .... |. 25 
Q =0.090t. — —_ vy an 25 
Qi =0.090t. — — een as 50 
Q; =0.180t. -— — aye 50 
Qm =0.180t. — — Sevier se 100 
Qn = 0.360 t.— — et. CE Bah 100 


42] fr. 116 00 fr. 
390 fr. 108.40 fr. 
42] fr. 58.00 fr. 
390 fr. 54.20 fr. 
42] fr. 29.00 fr. 
390 fr. 27.10 fr. 
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TABLE 4 (continued.) 
TEE ee 


Number Cost price. 
Percenlage Of 
DAILY USEFUL TONNAGE. 5 : 
utilised. return per per metric 
journeys. flying hour. ton- 


kilometre. 


2. Flying machines of 230 H.P. with a coefficient of useful load 
of 800/1 750 kgr. (1100/5 680 Ub.). 


Q; = 0.250 t. in each direction... . 25 2 717 fr. | 36.00 fr. 
Ope=0.50060 > — eer 25 4 670 fr. | 33.60 fr. 
Qe. =0:500 t.. — Shae 50 2 717 fr. | 18.00 fr. 
Qe 1000. — See. 50 4 670 fr. | 16.80 fr. 
Gn 00. LE en) 100 2 717 fr. 9.00 fr. 
Opte000 t= ees tee 100 4 670 fr. 8.40 fr. 


Se SN 


Table 5 below clearly shews the incontestable superiority of the railway from the 
point of view of speed of service between the two important business centres considered. 


TABLE 5. 


Comparative time for a return journey over a distance of 400 km. (250 miles). 


TaN eres Total time Renae time 
; ~ f for 
METHOD OF TRANSPORT. Speed. | of Frequency. Aonartute ae ab << are: 
nN eShe Ro journey. journey. 

Railway ee. ao. ke 360 |1h<l0m,|0h.3m.| 40m, |1h/53m.| 3h. 45m. 
Flying machine with 4 return 

fOUTheye sa 160 |2h.30m.j/1hb.15m.| 40m. [4h 25m] 8h.50m. 
Flying machine with 2 return : 

SOUTHCysT me Lee 160 |2h.30m./2h.30m.} 40m. |5h.40m.| 1) h. 20m. 
Automobile with 4 return 

FOUL VEC wor. Steere ae 80 [5h.00m.j1k.15m.| 40m. [6b.55m.} 13). 50m. 
Automobile with 2 return 

JOUERCYEs cae hee ss 80 |5h.00m.)2h.30m.} 40m, |8h.10m_} 16h. 20m, 


VI. — Conclusion. 


These several considerations sufficiently underline, we think, the marked value that 
the aerial railway, when properly adapted to ultra-rapid traffic, has from the point of 
view of speed, of the total capacity of transport, uf the cost, and finally of regularity 
which is the fundamental condition of the movement of postal matter. 
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Bearing plates with ribs in permanent way work, 


By Dr. Ta. BUCHHOLZ, Engineer, Berlin-Zehlendorf. 


Figs. 1 to 8, pp. 389 to 401. 


(Glasers Annalen.) 


I. — Permanent way with timber 
sleepers. 


The use of ribbed bearing plates in 
permanent way work constitutes a new 
system of rail fastening, in which the 
holding down of the rail on to the bear- 
ing plate is quite distinct from the 
fixing of the bearing plate on the sleeper. 
This system, in view of its solidity of 
construction and durability, is particu- 
larly suitable for lines which have to 
carry a large number of trains running 
at high speeds. 

The principal advantages of this new 
system of rail fastening over those ge- 
nerally employed hitherto are as follows: 

The timber sleepers are protected at 
the rail seats against premature mechan- 
ical deterioration and against rotting; 

the laying and maintenance of the per- 
manent way are simplified, and therefore 
become cheaper; 

the rail, being gripped between the 
ribs of the bearing plates, can better 
withstand tthe effect of high speed run- 
ning, and is more secure against acts of 
« sabotage >. 

Let us now, using comparisons as ne- 
cessary, examine these advantages more 
closely. : 


A. — Life of timber sleepers on the old types 
of permanent way. 

Long years of experience of the old 

types of track have shewn that timber 

sleepers have a relatively short life on 


the main lines. This fact is almost. al- 
ways attributable to the deterioration of 
the sleepers under the rail or under the 
bearing plate. The causes are to be 
found tin the usual method of fastening 
the rails and bearing plates to the sleep- 
ers, the effect of which is that the move- 
ments of the foot of the rail, due to the 
traffic, directly cause tthe coach screws 
to become loose quickly. Further, the 
coach screws, being fixed quite close to 
the foot of the rail, are subjected to an 
abnormal strain through the overturning 
moment resulting from the alternating 
lateral thrusts exerted by the vehicles. 

The early loosening of the coach 
screws is furthermore helped by the fact 
that they have to fulfil] two contradic- 
tory conditions. On the one hand, in 
view of the feeble resistance of the wood, 
they should not be subjected to too sevene 
a strain; on the other hand, they must. 
fasten the rail as firmly as possible to the 
bearing plate. 

The shouldered bearing plates (fig. 1),. 
fitted on track of the German State Rail- 


‘ways, Was an early experiment to find 


aremedy for the disadvantages attendant 
upon this system of rail fastening; but 
the desired object has been only partially 
achieved. On this track in the first place: 
there is no intimate contact between the 
foot of the rail and the shoulder of the 
bearing plate. As a result to the play 
which exists, the foot of the rail vibrates 
under the passage of heavy  loads,. 
te 
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and rapidly wears away the shoulder. 
The same thing happens with the holes 
for the coach screws which are intended 
to fasten the rail; water can easily pene- 
trate into the enlarged holes, with the 
result that the wood round the holes 
begins to decay. To this must be added 
the strain to which the coach screws are 
subjected by reason of the lateral thrust 
on the rails, as the screws are still fixed 
quite close to the foot of the rail. The 
premature and rapid wearing out of the 
metal parts of the permanent way and of 
the timber sleepers is the inevitable con- 
sequence of the play referred to above. 
Various railway administrations have 
endeavoured to prolong tthe life of sleep- 
ers by re-adzing and dowelling, but this 
method is not attended with any appreci- 
able success, as it is not possible to as- 
certain sufficiently soon the state of the 
sleepers under the bearing plates, and 
therefore the deterioration and decay are 
usually already too far advanced. On 
the other hand, the real cause of the de- 
fect cannot be eliminated, for the direct 
transmission of the movements of the 
foot of the rail to the coach screws, and 
the excessive strain on tthe latter due to 
the lateral thrust on the rail, remain. 
The defects above noted are still less 
likely to be remedied with the old types 
of track, now that the conditions of ser- 
vice are becoming more and more severe 
owing to the continual increase in axle 
loads and speeds. In fact, in view of the 
long life of the track axle loads of 25 tons 
and speeds exceeding 110 km. (68 miles) 
per hour must in future be considered. 
The old types of track more particular- 
ly offer insufficient resistance to the 
hunting movements of the stock, caused 
by the increase in speed, and to tthe ten- 
dency of the rails to tilt, caused by these 
movements. 
On electrified lines, moreover, the re- 
cognised jerking movements on curves 
produced by the low lying bulk of the 


- motors of the locomotives and motor 


coaches must be taken into account. 


B. — Life of timber sleepers on track 
fitted with bearing plates having ribs. 
With the ribbed bearing plate the pre- 

mature loosening of the coach screws 
and plaltes is prevented by the indepen- 
dent fastening of the plates to the sleep- 
ers and of the rails to the plates, so that 
the movements of the foot of the rail do 
not react directly on the coach screws 
fixed in the wood (fig. 2). These move- 
ments are absorbed by the special bolts, 
which do not rest upon the soft wood of 
the sleepers but fit into slots in ithe me- 
tal ‘bearing plates. The coach screws 
themselves are clear of the foot of the 
rail, and are thus preserved not only 
against direct shock from the rails, but 
also against excessive strain from the 
tilting moment of the rails (*). 

In this manner, and as further the large 
supporting surface of the plates offers 
great resistance to illateral displacement 
along the sleeper, the coach screws are 
left free to perform perfectly their real 
function, which is to fasten the plates 
firmly to 'the sleepers and to prevent the 
plates from moving up and down, and 
consequently damaging the surface of the 
sleepers and the sides of the holes. 

In the case of curves, where use is made 
of gauge adjusting keys, the ribbed bear- 


_ ing pilates have been given a particularly 


large seating (fig. 3). This is an advant- 
age as regards the sleeper in view of the 
greater strain to which it is subjected on 
curves. The coach screws ‘hold better 
in track fitted with ribbed plates, as it is 
possible to drill the sleepers both for 
straight ‘sections and for curves before 
they are laid, so that the sides of the holes 
(which are the most heavily taxed part 
of the permanent way) are always thor- 


(4) Thus, for example, on permanent way which 
has shouldered bearing plates, the coach screw, which: 
is intended at the same time to hold the rail in 
position. is placed undér tension by a lateral thrust 
of the vehicles of 20 °/o of the wheel load, whereas 


on permanent way with ribbed bearing plates this. 


only amounts to 42 °/o of this load. 


4 

‘ 
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oughly impregnated and therefore effec- 
tively protected against rotting. 

From what has been said above it fol- 
lows that when ribbed bearing plates are 
used, timber sleepers are so well protect- 
ed against deterioration thet they wear 
just as well at the rail seats as at any 
other part. It can therefore be assumed 
in general that the life of the sleepers will 
equal that of the rails on main lines. 
The premature replacement of sleepers, 
which has ‘to be effected at present on a 
large scale and which causes frequent 
interruptions in the service, will in fu- 
ture be limited to exceptional cases. The 
smaller consumption of sleepers will 
mean considerable economy, which will 
be particularly welcome in the case of 
countries which are obliged to import 
their sleepers. It is not necessary to add 
that there is scarcely any country where 
a reduction in the consumption of tim- 
ber does not appear desirable. 

On track using ribbed bearing plates, 
the widening of the gauge necessary on 
curves is very easily obtained on the spot 
by the insertion of simple metal adjust- 
ing keys. The great advantage of this is 
that all the bearing plates, including 
those intended for use on curves, can be 
fixed to the sleepers in advance at the 
impregnating centres, so that the sleepers 
arrive at their destination ready for llay- 
ing ('). Instead of the present ‘practice 
of boring the holes on the spot (an ope- 
ration which takes up much time and is 


(4) Only two classes of sleepers are used : those for 
straight seclions and those for curves. The latter 
can, however, also be used on straight stretches, 7. e. 
the plates for curves are so arranged that by regu- 
lating the gauge it is possible to get down to the 
normal gauge, The advantage of this is that when 
preparing the plan for laying curves, there is no 
need for undue precaution as to providing for a 
change of sleepers immediately on entering upon a 
straight section of line. It is therefore advisable, 
in order to provide for the transition from curve to 
straight, to supply a few extra curve sleepers. 


_ ing of the nuts, 


not always accurately performed), and 
instead of the complicated process of 
fixing the plates by hand, the work can 
henceforth be done rapidly and accura- 
tely by machine at the impregnating cen- 
itres, which will mean a considerable sav- 
ing in wages (fig, 4). 

When loading and transporting sleepers 
to which the bearing plates have previ- 
ously been fixed, the ribbed plate has the 
advantage that the external ribs are of 
the same height as the ‘heads of the coach 
screws, which are thus protected against 
damage through knocks. 


Cc. — Laying and maintenance of the track 
when bearing plates with ribs are used. 


The laying of the permanent way with 
ribbed bearing plates is an extremely 
simple process. This means a further 
considerable saving in wages. The rails 
are lowered between the ribs and imme- 
diately assume their exact position, for, 
in view of the mechanical fixing of the 
plates at the impregnating centre, noth- 
ing is required in the way of gauge ad- 
justment. 

The placing into position of the gauge 
adjustment keys, which are no longer 
used except at curves of hess than 300 me- 
tres (15 chains) radius (on the German 
State Railways, for example, such curves 
represent less than 1 % of the total length 
of line), is very easily effected by using 
tie bars; the same applies to the fixing of 
the clips and clip bolts, and the tighten- 
One important advant- 
age of the use of ribbed~—bearing plates 
is that the heads of the coach screws fit 
without play in the accurately milled 
slots of the ribs; the contact surfaces are 
good, so that with only a moderate 
amount of attention tthere.can be scarcely 
any wear. Defective screwing in, or 
twisting of the coach screws, is impos- 
sible. 

Similarly, the clips can neither twist 
nor slip, because the wings are held llater- 
ally by the ribs. The surface of contact 
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of the clips is of such dimensions that 
when the coach screws are tightened up, 
the adhesion between the clips and ithe 
foot of the rail or the bearing plate is in 
itself sufficient to prevent any movement 
of the rail whether lengthways or side- 
ways. 

In cases of relaying of the track or 
turning the rails when worn on one sur- 
face, or when clips or clip bolts are no 
longer fit for use, the new system has 
the further very considerable advantage 
that the work can be done from the side 
of the track. Up to the present it has 
been necessary in such cases to detach 
the bearing plates, with the result that 
the seating of the bearing plate on the 
sleeper is less good. 


When having to relay lines carrying a 
heavy ‘traffic, it is to be noted that, it is 
possible to recommence running without 
waiting unti] all the clips are fixed and 
screwed up owing to the rails being held 
in position between the ribs. 

The insertion of the head of the clip 
bolt does not cause any weakening of the 
bearing plate, there being no holes, as is 
the case with the other types. There 
can, moreover, be no infiltration of wa- 
ter, causing the sleepers to rot and the 
clip bolts ito rust. 

As all the fastenings can be inspected 
from above, it is easy to verify the as- 
sembling of all the parts, particularly the 
gauge plates (fig. 5). 
to add that this facility of inspection is 


a great advantage from the point of view 
of maintenance. ‘We may remark’ here 
that the tightening up of the clip bolt is, 
owing to the firm, rustproof seat of the 
boltheads in the slots in the ribs (i, e. 
metal on metal) much less frequently ne- 


cessary than in the case of coach screws. 
in wood which yields. 

A further important point is that the 
gauge keys, having a greater length of 
contact against both the ribs and with 
the feot of the rail — particularly when 


It is unnecessary - 


- 


Sy 


made of sufficiently hard metal — are not 
subjected to wear, as there is no move- 
ment : they therefore ensure the perma- 
nent tightness of the rail fastenings. 

Finally, as regards the question of sa- 
fety, the track with ribbed bearing plates 
has the advantage over all the other sys- 
tems so far adopted. The great length 
of conttact against the strong ribs is a 
guarantee not only against widening of 
the gauge through wear, but also against 
acts of « sabotage >, such as have been 
committed in the Polish « Corridor > and 
in the vicinity of Leiferde. The ready 
means by which a train can be criminal- 
ly derailed by merely displacing a single 
rail-end, no donger exists when ribbed 
plates are used. 

Ribbed bearing plates are also specially 
suited for use as double plates at the rail 
joint, where, owing to the high moment 
of inertia of the continuous ribs, they act 
as a bridge, and may therefore be used 
with advantage to prevent bending and 
wear at the rail joints. A certain elasti- 
city is at the same time preserved, since 
the joint plates are specially undercut at 
the rail-ends. A considerable length of 
the rail-ends is held between the ribs of 
the joint plates, offering resistance to 
lateral movements of the rails and con- 
sequently reducing the wear on the fish- 
plates. 

One special advantage of the use of 
ribbed plates is that if elastic packings 
(pieces of poplar, felt or cloth pads, etc.) 
are used between the rails and the bear- 
ing plates, the ribs of the bearing plates 


prevent them from slipping outwards (1). 
As they are located without play be- 
tween the ribs, and are held firmly by 
the clips on either side, the rails with 
the sleepers form as it were an undeform- 
able frame. There can, therefore, be no 
creep of the rails, and expensive anti- 
creep devices are thus unnecessary. 

The great rigidity of the frame which 
forms the track makes it possible to use 
longer raiils, or to join together several 
lengths of rail, without its being neces- 
sary to widen the expansion gap, since 
the greater part of the tension produced 
at high temperatures by the expansion 
of the rails is easily absorbed by the rigid 
track anid the resistance of the ballast. 

The fixed position of the rails between 
the ribs also prevents the track getting 
out of line. 

The German State Railways are at 
present experimenting with 30-metre 
(98 ft. 5 in.) rails. It is probable that 
such lengths of rail will be generally 
adopted in future. The resulting reduc- 
tion in the expense incurred. on rail joint 
fittings, in the cost of maintenance of the 
track and rolling stock, and in the con- 
sumption of electric power or coal for 
traction, will be very considerable. 

In cases where for special reasons it is 
not possible to use long rails, the exipan- 
sion gaps can be reduced, with a conse- 
quent reduction in jolting. 

The fact that the horizontal expansion 
of the rails is largely absorbed by the 
rigid track obtained by the use of ribbed 
plates, is also of great importance as re- 


(4) It is unnecessary to add that, where ribbed plates are used, the use of elastic packings between 
the foot of the rail and the bearing plate is not absolutely essential. The German State Railways, 
however, contemplate the use of these linings in the new type of permanent way, for the following very 


sufficient reasons : 


a) Owing to the undulatory movements of the rails, the elastic packing follows changes in the shape 
of the foot of the rail, and this helps to diminish the tendency of the sleepers to rock ; 

b) As the foot of the rail and the bearing plate are not in direct contact at the rail seat, any small 
irregularities in the metal surface are counter acted, and consequently the rail can be fitted more intimately 


_ to the bearing plate ; 


c) There is no contact of metal on metal, and consequently there can be no wear at these points; 


d) Running is smoother. 


These advantages more than make up for the slight extra expense incurred for the packings. 
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gards all types of-joint with supporting 
fish-pates. It is well known that ithe 
thermic expansion produces its full effect 
at the joint. It is therefore necessary at 
times of great temperature variations to 
loosen the fish-plates slightly. This, 
however, reduces their load-bearing ca- 
pacity, and, consequently, the more the 
thermic expansion is absorbed by the 
track, the more tightly can the fish-plates 
be screwed up without having to allow 
for variations in temperature, 

By virtue of its rigidity, a track fitted 
with ribbed plates affords -very smooth 
running. For this reason the system is 
particularly suitable for suburban lines 
anid viaducts, where the transmission of 
vibration and the running noises inse- 
parable from the present type of perma- 
nent way are particularly disagreeable. 

In spite of the somewhat higher cost 
of installation, the use of ribbed plates is 
also an advantage on secondary, indus- 
trial and branch lines, as such lines will 
be increasingly used in the future by 
wagons of large capacity and heavy axle 
Joads, the number of which in service 
increases constantly. 

Now that it has been found possible, 
by the use of ribbed bearing plates, to 


effect the above-mentioned important im- 
provements in lines laid on timber sleep- 
ers, the adoption of these plates is to be 
recommended strongly for those coun- 
tries which up to the present have laid 
the rails directly on the timber sleepers, 
for the extra cost of the ribbed plates is 
much more than compensated for by the 
better preservation of the timber sleeper 
and the resulting reduction in renewals. 

It may further be remarked that if 
track fitted with ribbed pilates is more 
costly ‘than one in which the rails are 
jaid directly on the timber sleepers, the 
extra expense is compensated in part by 
the fact that it is possible to have a nar- 
rower rail foot, as the grip of the ribs 
on tthe rail seeing that the way the rail 
is held between the ribs greatly increases 
the safety as regards turning over. One 
further very important economic advant- 
age may be mentioned, viz, that where 
ribbed plates are used, it is possible to 


use the less expensive soft wood sleepers. 


Railway companies whose limited re- 
sources compel them to observe strict 
economy may enjoy the greater part of 
the advantages of the new system by 
using the ribbed plate on all the joint 
sleepers, and on only one-half or one- 


Fig. 6. 


third of the intermediate sleepers, as is 
already the practice on the Austrian and 
Serbian railways (fig. 6). ; 
For lines on which the rails are laid ver- 


ticallly,i. e. without any inclination, on the | 


sleepers, the system of gauge aidjustment 
adopted by the Hamburg overhead. rail- 


way is of particular interest. . The wi-. 


dening necessary on curves is obtained 
by means only of two kinds of bearing 
plates, so that special movable gauge ad- 
justers are rendered unnecessary (1). 
This last remark applies also to the 
shouldered gauge adjusting clips with 
which the German State Railways are at 
present experimenting. Eads 


(1) This method of adjusting the gauge will, however, daly be used on small lines where heme are 


numerous curves, for it loses the advantage 
impregnating ‘centres.© © °° 8 


® 


erived | from the previous fixing of the plates at the 
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D. — Comparison of costs. 


We will begin by making a comparison 
of costs as between, on |the one hand, the 
common type of permanent way with 
heavy rails weighing 49 kgr. per metre 
(98.78 Ib. per yard), fastened by a clip 
with two holes (4) on to a shouldered 
bearing plate with four coach screw 
holes, designated from now on as: 

L+ 22B 


S1049 = (*) 


anid, on the other hanid, the type of per- 
manent way which has ribbed bearing 
plates, designated from now on as: 


L+22B , 


.N. 49 
: 15 ( 


The cost of the materials, that is to say, 
the cost of red pine sleepers and of the 
fittings (bearing plates, clips, coach 
crews and bolts, spring washers and 
cramp irons to prevent creep), amounts, 
according to tables I and II; 

a) For a track fitted with shouldered 
bearing plates 

L + 22B 


S.C. 49 ——__—_-_. 
S.C is : 


to 20 219.27 mk. (or, in round figures, 
20 220 mk.) per kilometre (32 540 mk. per 
‘mile) ; 


b) for a track fitted with ribbed plates 


to 22 448.91 mk. (or, in round figures, 
22450 mk.) per kilometre (36130 mk. 
per mile). 


The cost of materials is thus 2 230 mk. 
per kilometre (3 590 mk. per mile) higher 
where ribbed plates are used than where 
shouldered plates are used. 


This higher cost is, however, recovered 
by the quicker and therefore cheaper 
laying of the track by easier maintenance 
and greater life (as will be seen from the 
data below), anid other appreciable eco- 
nomies are realised. In order to express 
this in figures, we take below the annual 
expenditure as applicable to the two 
types of permanent way, taking into ac- 
count the cost of materials the laying of 
the track, the taking up of the old track 
when ‘the time comes for renewal, interest 
on the capital expenditure, and writing 
off of the permanent way materials, but 
leaving out the proceeds derived from 
the sale of old material (°). In the hy- 
potheses the annual expenses are calcu- 
lated according to the formula generally 
regarded as applicable : 


(KK + Ky) 0. oe 


oie 1.0 pr — 


+ K. 0.0p, 


where K represents the initial capital: ex- 
penditure, K, the expenditure incurred 
when it becomes necessary to replace the 


old track, p the usual rate of interest, and | 


n tthe life of the track. 


(4) In order that the heavy 49-kgr. (98.78 lb. per yard) rail may be retained, at any rate to a 
certain extent, Krupps specially make clips Os two holes. 


(2) The formula 8S. C. 49 or S. N. 49 sts 


means that for this track use is made of a rail weighing 


49 ker. to the metre (98.78 lb. per yard), one broad joint sleeper and 22 intermediate timber sleepers, 


per 15-metre (49 ft. 2 1/2 in.) rail. 


(3) For the reasons given above, the life of the ribbed bearing plate is very much longer than that 


‘of the shouldered plate, the great majority of the latter being of no further use after the first renewal 


‘of sleepers, whereas the ribbed plate on the average lasts twice as long as the sleeper. It does not. 


~ seem necessary to work out the statistical significance of this feature. but itis certain that this advaatage 
‘almost justifies in itself the higher initial expense of the ribbed plates, 
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he 


a) Initial capital expenditure : 


1. Cost of materials, in round figures . 
2 


2. Laying of the track, including drilling of secre ane fixing 


L + 22B 
Track filted with shouldered bearing plates S. C. 49 mee" rae 
Marks per kilometre. 
= 20 220 
of plates on the spot (3.60 mk, per metre) (4) we ee = 3600 
K = 23 820 
K, = _ 1500 


b) Taking up the old track after 16 years’ service (1.50 mk. per 


metre) (4) 
c) Interest p = 6 °/, of the Sn 


d) Length of service, » = an average of 16 years. 


On the above esha the annual expenses are : 


(23 820 + 1 500) 0.06 
1.0616 — ] 
mile) per year. 


A= 


2. Track fitted with ribbed bearing plates S. N. 49 


+ (23 820 x 0.06) = 2 415 mk. per kilometre (3 886 mk. per 


fee 2B: 
15 


We will in the first place calculate by how long the life of a track fitted with ribbed 
bearing plates must exceed that of the other system, if itis to justify its higher initial 


expense. 
a) Initial capital expenditure : 


= Cost of materials, in round figures . 


Marks per kilometre. 
22 450 


2. Laying of the track, 2/3rds of 3600 mk. (2). . . 2... 2 400 3 


3. Drilling of the pee and fixing of the cores at the sem: oer 


ing centre . 


b) Taking up the old track after » years of service, 1.50 mk. per metre. K, = 


c) Interest p = 6 °%/, of the capital. 


d) The length of service, », must be so determined that the annual expenses are the same for 


the two types of track. 

According to the above calculation, the 
annual cost of track fitted with shoulder- 
ed bearing plates, with a service life of 
16 years, is : 

A = 2415 mk. per kilometre (3 886 
mk. per mille). 

. For a track fitted with ribbed plates 
the figures are therefore: _ 
(25 160 +1500)0.06 

1.06” — ] 


2415 = + (25 160 x 0.06), 


from which it follows that the length of - 


service 
about 17 1/2 years, 


Hf Ha ome 


(1) These figures are regarded as reasonable for heavy track. 


(?) Experience has shewn that the | 
one-third less time, 


» longer than a shouldered plate track un- 


fa) of the permanent way with ribbed bearing plates takes about — 


In other words, for an equal annual 
expenditure, the ribbed plate track must 
last for 17 1/2 years, i. e. only 18 months 


der identical conditions. The higher ex- 
pense is then already covered. In prac- 
tice, however — supposing the utilisation 
of tthe track to be the same — the life of 
the ribbed plate track may be taken as 
about 50 % longer, i. e. about 24 years. 
On this basis the expense works out as 
follows: 
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9 
3. — Track fitted with ribbed bearing plates | S. N. 49 ed 
for a period of service of 24 years. 

a) Initial capital expenditure (as in 2) : K = 25 160 
b) Taking up the old track after 24 years’ service . . . . Ky,= 1500 


c) Interest p = 6 °/, of the capital. 
d) Period of service, n = 24 years. 


On the above figures, the annual expenses work out as follows : 


__ (25 160 + 1 500) 0.06 
ae 10624 ==] 


+ (25 160 x 0.06) = 2 034 mk. per kilometre 


(3 273 mk. per mile) per annum. 


We have seen above that in the case of 
a track fitted with shouldered bearing 
plates, the expenses amount to 


2415 marks per kilometre 
(3 886 mk. per mile) per annum. 


The saving is, therefore: 


2 415 — 2 034 = 381 mk. per kilometre 
(613 mk. per mile per annum, merely 
on account of the longer period of ser- 
vice and the more rapid laying of a track 
fitted with ribbed bearing plates (1). 

To this must be added the economy in 
ordinary costs of maintenance of the per- 
manent way. Experience has shewn that 
these costs, in the case of a track fitted 
with shouldered plates, amount to about 
2150 mk. per kilometre (3460 mk. per 
mile) per annum, made up as follows: 


a) ordinary maintenance work, car- 
ried out each year: about 200 working 
days per kilometre; 


(1) It may perhaps be objected that, with shoul- 
dered bearing plates, the sleepers and their acces- 
sories can, at the end of 16 years; be used on 
secondary lines, whereas. with ribbed bearing plates, 
the sleepers and accessosories can only be re-used 
after 24 years. This may be considered an advan- 
tage as regards the old material of the shouldered 
plate track. As against this advantage, however, it 
is to be noted thaf in the case of a ribbed plate track, 
the percentage of old material which can be re-used, 
even after 24 years service, is much higher than in 
the case of the shouldered plate track. , 


b) scheduled maintenance work, car- 
ried out every third year: about 50 work- 
ing days per kilometre, in addition to the 
number under a). 


The yearly average, therefore, for one 
kilometre is : 


(200 x 3) + 50 


3 = 217 working days, 


or, with a nine-hour working day, and 
wages of 1.10 mk. per hour, including 
cost of tools and overhead charges, 


217 x 9 x 1.1 = approx. 2150 mk. 
per kilometre (3 460 mk. per mile) 
per annum. 


As, in track fitted with ribbed bearing 
plates, the high degree of rigidity pre- 
vents the hammering of the rails on the 
plates, the necessity for re-tightening the 
screws is less frequent; further, the 


_ sleepers show less tendency to jump on 


the ballast, and therefore the latter dete- 
riorates less rapidly. Estimating these 
economies at only 15 % of the mainte- 
nance charges mentioned above, there is 
a net saving of 320 mk. per kilometre 
(515 mk, per mile) per annum, 


If to this be added the saving, calculat- 
ed above, of 


-381 mk. 


arising from the longer period of service 
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and the shorter time taken in laying the 
track, we arrive at a total saving of 


881 + 320 — 700 mk. (in round fig- 
ures), per kilometre (1 125 mk. per mile) 
per annum (1). 


The full value of this saving will be 
realised when it is remembered that (in 
approximate figures) of the 90000 kilo- 
metres (56000 miles) of permanent way 
on the German State Railways, about 
50000 kilometres (31000 miles) consist 
of main lines laid on timber sleepers, so 
that when the installation of ribbed bear- 
ing plates is complete the total saving will 
be approximately 35 million marks per 
annum, 


This comparison of costs confirms the 
old rule that a slightly higher initial ex- 
penditure is subsequently saved many 
times over if it results in a continuous 
saving in current maintenance charges. 


E. — Conclusion. 


To summarise, the advantages offered 
hy the use of ribbed bearing plates inay 
be stated as follows : 

1. Greater economy owing to the longer 
life of the timber sleepers and fastenings 
and reduction in the cost of laying and 
maintenance; 

2. greater safety — a matter of great 
importance in view of the increase in 


(1) By capitalising this annual saving of 700 mk. 
over a period of 24 years, exactly as we have done for 
the higher initial outlay, by means of the formula : 
K. 0.0p 
1.0 pr—1 = 
it is found that the capital equivalent of the yearly 
savings is + 


A= 


A(1.0p"—1) — '700(1.0624— 1) 
iy ee 0.06 
= about 36000 marks per kilometre, 
or an average yearly saving of 36000 : 24 = 
4 500 marks per kilometre, 7. e. a yearly total which 
itself more than covers the extra expense of fitting 
the permanent way-with ribbed plates. 


K= 


the speed of trains necessary as a result 
of competition by motor vehicles and 
aeroplanes ; 

3. greater security against criminal 
acts, as it is no longer possible to derail 
a train merely by the lateral displace- 
ment of the rail-ends. 


The German State Railways ‘conse- 
quently have completely abandoned the 
shouldered bearing plate, and begun to 
use the ribbed plate on a large scale. A 
certain number of other railways, in 
Sweden and Serbia, for example, as also 
the overhead railways of Berlin and 
Hamburg, have adopted the ribbed plate 
although this invention has only become 
known quite recently. 

Recognising the great importance of 
this innovation to suppliers of railway 
material, the more important German 
polling-mills acquired the patent rights 
immediately the invention had been 
made known. Negotiations are in pro- 
gress with the same object with the lar- 
gest rolling-mills outside Germany, so 
that the material may shortly be availa- 
ble for use in all countries. 


Il — Tracks laid with iron sleepers. 


The ‘principal component part of the 
permanent way, the rail, has a total life 
of about 45 years. About half this pe- 
riod is in main line service and the re- 
mainder in secondary lines service. From 
the point of view of efficient mainte- 
nance, it is very unfortunate that the se- 
cond principal component part of the 
superstructure, i. e.. the sleeper, has a 
very much shorter life. The iron slee- 
per, with which we shall now deal, only 
lasts for about 30 years, even on the excel- 
lently maintained Baden track. (The life — 
of the timber sleeper is, of course, consi- 
derably shorter than this.) ~ 

As a result of the great difference be- 
tween the life of rails and that of slee-— 
pers, it is necessary, during the second 
part of the rail’s period of service, to 
renew almost all the sleepers, so that 


7. = 
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maintenance work on secondary lines is 
almost continuous. 

From what has been said above it fol- 
lows that it is of the highest importance 
to make the total life of the sleeper the 
same as that of the rail, so that, in what 
is called the second period of service, i. e. 
en secondary lines, the whole of the su- 
perstructure may remain undisturbed 
until the rails are worn to their limit. 

This synchronisation is obtained in 
the new K type of track with metal 
sleepers on the German State Railways. 
In this type, the ribbed bearing plates 
are welded on to the sleepers. The pla- 
tes thus protect the sleepers at their most 
vulnerable spot, i.e. at the rail seats, 
against mechanical wear and breakage; 
further, the cross section of the sleeper 
where specially liable to rust is streng- 
thened in such a way as to compensate 
for this. 

Metal sleepers to which ribbed bearing 
plates have been welded present certain 
other advantages, to which we will refer 
in detail: 

1. — The fastenings (clips, T-headed 
bolts, gauge keys) are the same as when 
ribbed bearing plates are used with tim- 
ber sleepers. It is unnecessary to em- 
phasize the convenience of standardisa- 
tion of fastenings, from the point of view 
of the facility of procuring supplies, of 
the organisation of the stores and, of 
efficient maintenance and relaying of the 
permanent way. 

2. — The tested types of elastic packing 
(poplar wood, woven pads, etc.), placed 
under the foot of the rail, are gripped 
by the ribs of the bearing plate, which 
prevents them from slipping out side- 
ways, an inconvenience whiich has hi- 
therto been unavoidable, especially at 
curves. Further, the protection of the 
linings at the sides makes them wear 
much longer. 

3. — The long lateral grip of the ribs 
on the rail, and the secure fastening of 
the rail to the sleepers, give the track 


great rigidity and stability, thereby re- 
ducing the strain on the rail joints, fish 
plates and ballast. In particular, the 
tendency of the rails to creep is greatly 
reduced by this increased rigidity. For 
this reason, and not less because of the 
good surface contact for the clips, which 
cannot turn, the use of cramp irons, to 
prevent creep is reduced to a minimum, 
if not completely eliminated. This 
means a reduction not only in the initial 
capital cost, but also in the cost of laying 
and maintenance. 

The stability of the track is still fur- 
ther increased by the fact that the slee- 
pers with their plates are about 5 ker. 
(11 lb.) heavier. 

4. — The cross section of the sleeper 
generally has a uniform thickness of 
9 mm. (3/8 inch). No holes are drilled in 
the sleeper, and this increases the mo- 
ments of resistance and inertia of the 
sleepers and plates at the rail seat by 
about 30 %. Further, there is no longer 
the danger of the gradual splitting of the 
sleeper, starting from splintering at the 
holes; nor-is there any damage to the 
under side of the sleeper holes, due to 
the movement of the bolt heads. The ou- 
ter foot of the clip can no longer sink 
into the face of the sleeper. The aboli- 
tion of holes, and the welding on of the 
ribbed plates, give the sleepers at the 
rail seat, where the pressure also is more 
evenly distributed, such a load carrying 
capacity that, the sleepers will not deve- 
lop faults at the rail seat, even with the 
heavier loads which are to be expected 
in the future. Protection against exces- 
sive bending is of course very important 
as regards the life of the sleepers, for it 
is an undoubted fact that in the past the 
premature rusting through of sleepers, 
precisely at the roof-shaped and vertical 
bars close to the rail-seat has been chieif- 
ly due to such continued bending. The 
roof-shaped bars in particular stretch 
continually unidder the weight of the 
wheels. This produces a certain degree 


of fatigue and porosity in the metal, and . 


Oy [ 9, Sy tee}, Os a. ae 
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this in turn facilitates the penetration of 
rust. Experience has shewn that care- 
ful attention to details of this nature 
plays an important part in the efficient 
maintenance of the permanent way. 


3D. The experiments so far carried 
out with ribbed plates on timber slee- 
pers show that the clip bolts are held 
very firmly in the rib slots. Where iron 
sleepers are used this is most important. 
With the present drilled sleepers, the 
heads of the T-headed bolts are below the 
under surface of the sleeper, so that 
under the passing of trains they knock 
continuously against the ballast and the- 
reby become loose much more quickly. 
Fine dust from the gravel then penetra- 
tes continually and is ground between 
the bolt head and the face of the sleeper, 
resulting in premature wear at this im- 
portant spot. 


This wear is still further accentuated 
by the rust which forms as a result of 
the damp rising from the ballast, as well 
as by the lateral movements of the foot 
of the rail which movements shake the 
bolts either directly or through the clips. 
On the other hand, the wear the clip 
‘bolts cause in the rib slots of the ribbed 
bearing plates is allmost*nil, as these 
plates are made of harder steel and con- 
sequently the contact surface of the bolt 
heads in the slots is less liable to wear, 
the more so as the bolts themselves are, 
as in the past, made out of ordinary and 
therefore softer metal. 
tact surface between bolts ‘and slots is 
about 30 % larger than in the present 
B type track of the German State Rail- 
ways. Where ribbed bearing plates are 
used the clip bolts are held more firmly, 
their heads engage in the rib slots which 
are always clean and protected against 
the infiltration of gravel dust and water; 
there is therefore practically no possibi- 
lity of wear or rusting. The bolts are 
also still more secure, because the move- 
ments of the foot of the rail are met by 
the strong ribs of the plates welded on 


Further, the con-_ 


to the sleepers, whereas hitherto these 
movements very often affected the bolts 
through tthe loose gauge plates on the 
face of the sleeper. 

It is welll known that in the B type 
track it frequently happens that the 
square of the bolt shaft loses its shape to 
such an extent, by reason of excessive 
tightening and rust, that the bolt is no 
longer proof against twisting, which 
makes it impossible to tighten it up to the 
required degree. With ribbed bearing 
plates it is quite impossible for the bolts 
to twist, for the whole of the bolt head 
fits without any play into the slot in the 
rib. 

For the above reasons it will not be ne- 
cessary in future to tighten or renew the 
clip bolts so frequently. The wear on 
the bolts and clips will be so slight that 
the majority of the parts will be fit for 
use in the second period of service, i. e. 
on secondary lines. 


6. — It has already been found that the 
ease with which track with ribbed plates 
can be laid on timber sleepers has re- 
sulted in appreciable savings, and the 
same is the case when the ribbed plates 
are used with metal sleepers, as the 
ribbed plate bolt is much easier to fix. 
It is moreover, impossible to fix it badly, 
as the workman is unable to place the 
clip in position unless the bolt is cor- 
rectly inserted. In view of the mutual 
interdependence of the bolt and clip, the 
workman can tighten the bolt with one 
hand without having to hold it with the 
other hand by means of a metal grip, as is 
necessary in the case of B type tracks. 
Further, there is no need to fix gauge 
adjusters, for, in accordance with a new 
regulation of the German State Railways, 
widening of the gauge is only laid down 
for curves of less than 300 m. (15 chains) 
radius, and, of course, such curves do not 
exist on normal lines. On the other 
hand, on B tracks adjusting clips are still 
necessary to support the foot of the rail 
laterally, , 
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Comparison of costs. 


Below will be found an economic com- 
parison between the iron sleeper of track 
B and that of track K (designation adopt- 
ed by the German State Railways for 
tracks fitted with ribbed bearing plates). 

We assume a total period of service of 
45 years (1), 22 1/2 of which are on main 
lines and 22 1/2 on secondary lines. 


After the period of service on the main 
line, the small metal detail parts of the 
track are renewed as being no longer fit 
for use, in both types of track; further, 
in track B, sleepers which are no longer 
fit for use are replaced by new ones, for 
example by the lighter Baden-sleeper, 
which is 75 mm. (2 15/16 inches) deep, 
and suffices for the requirements of sec- 
ondary lines. 


A. — Main line. (Period of service : 22 1/2 years.) 
1. — INITIAL CAPITAL OUTLAY 

a) Track B 
ies leePelze . smmmcta rs pic wee. Sa mee 78.03 kgr. at 134.9 mk. per ton .... = 1053 mk 
Se ieee Ae eet ae Seas 0.876 ker. x 4 at 204.9 mk. per ton. .. = 0.72 — 
aol headed -boltsgecn.--aueees 6S veins 0.771 kgr. & 4 at 281.0 mk. per ton. = 0.87 — 
4 gauge adjusting plates. ...... 0.351 kgr. x. 4 at 442.9 mk. per ton’... = 0.62 — 
Jieuos 12.74 mk. 

b) Track K; 
L sleeper «sich oy aie ieee 77.81 kgr. at 131.9 mk. per ton. . . ... = 10.26 mk. 
2 ribbed plates -Saesaame ne ace 2.81 kgr X< 2at 280 mk. per ton ... = 1.57 — 
Welding on sleeper... . . ee Oy Oe a eat A AS TR ak) Tee = 140 — 
A-chips ts Seer Setar Steen 0.751 kgr. X 4 at 215.05 mk. per ton . = 065 — 
ast sheaded"bolts.paae cs, eee 0.579 kgr. x 4 at 290 mk. per ton. . ae Kee, == 
; hotel ems 14.55 mk, 


The difference in cost in favour of track B is therefore: 
14.55 — 12.74=1.81] mk. 
Capitalised over a period of service of 22 1/ years at a rate of interest (p) of 5 °/9, 


this represents (1.05225 — approx. 3) : 


1.81 mk. X 3=5.43 mk. 


To this must be added the value, as scrap, of the sleeper and small metal parts of 
track B, less the scrap value of the small metal parts of track K. 


2. — VALUE OF OLD MATERIAL. 
a) Track B: : 
1 sleeper. . 78.03 kgr. — 20°, wear = 62.42 kgr, at 50 mk. per to Sane 
@ clips.) 3.4 Rat eee 10.876 ker. & 4 a aa 
4 T-heabel bolts ..... 0.771 ker. x 4 


4 gauge adjuster plates . . 0.35] ker. x 4 


1.998 ker. x 4 = 7.99 ker. — 20°/, wear = 6.39 kg 
at 40mk. per ton... 2... ne So ai 0.26 mk. 


Total... 3:98 mk 


(4) This is the average total period of service for rails, 
(?) The sleepers of track B, after 22 4/2 years’ service, cannot give more than a further 8 years’ service 


and it is not economic to-relay them for this short period. 
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b) Track K: 
BONG ic oe a nn eee tienes ns 0.751 kgr. x 4 = 3.00 ker. 
ESCABOE WONG yuecwt labs leis fn ses 0.579 kgr. x 4 = 2.32 ker. 
5 32 kgr. — 20 % wear 
= 4.26 ker. at 40 mk. pertun = 0.17 mk. 


The proceeds of the sale of old materials show, therefore, in favour of track B, 


a difference of 
3.38 —0.17 = 3.21 mk. 


and the total saving in favour of this track is 
5.43 + 3.21 =8.64 mk. 


B — Secondary line. (Period of service : 221/2 years.) 
1. — INITIAL CAPITAL OUTLAY. 
a) Track B: 
] metal sleeper ....... Ot KervateloesOmk: (1) pertongme «a Ss. == [1a 
AKClipstee& cornea ce cs 0 876 kgr. x 4 at 204.9 mk. perton...... UE = 
4 T-headed bolts... .... 0.771 kgr. x 4 at 281.0 mk. per ton . Stoo = UR 
4 gauge adjuster plates... 0.351 kgr. x 4 at 442.9 mk. perton. ..... = 0.62 — 
Average cost of transport (?) of an iron sleeper, 54 ker. at6 mk. perton. .... = 0.32 — 
Totals. 10.08 mk. 
b) Track K: 
rClipsias ADOVEsAc | Ul abe. Sesot cain ee 5a. gee ee pe RG oe ee 0.65 mk. 
bie Detieaeds iol Stans DO yen CAr Ye ere gg Mkts ys soos Ae eee eee SPS ee Sue 0.67 — 
c Total... . 1.32 mk. 
There is, therefore, a saving in favour of track K of 
10.08 — 8.64 — 1.32 = 0.12 mk., 
which capitalised at 5 °/o over 22!/o years (1.05%-5 = 3) gives 
0.12 x 3 = 0.36 mk. 
2. — VALUE OF OLD MATERIAL. 
a) Track B: 
A sleeper. ...... 54 ker. — 20 /, wear = 43.2 kgr. at 40 mk. per ton: , 6 es de gaiiile 
AeeC lL Sicnscaecerei nose, cs 0.876 ker. x 4 
4 T-headed bolts... 0.771] kgr. x 4 
AS Vinin gee mtmcesn ss 0.351 kgr. x 4 
1.998 ker. x 4=7.99 kgr.— 20°/, wear = 6.39 kgr. at : 
AQ yi Per tO. <6 ene = one) oes 0s ee eae = 0.26 — 
Total. . . _1.99 mk. 


(1) The price per ton is increased by 3 mk., because, at 78 kgr. each, there are 42.8 sleepers to the ton, 


whereas a ton represeuts 18.5 sleepers each weighing 54 ker. 
(2) The cost, of transport must be included, as in the case of track K, there is no renewal, and therefore no 


cost of transport. 


— 404 — 


vb) Track K: 
1 sleeper. 77.81 kgr. --40 °/, wear = 46.69 kgr. at 40 mk. per ton. .....- - = 1.87 mk. 
2 ribbed plates 2 81x 2=—5.62 kgr. —40 °/o wear = 3.37 kgr. at 40 mk. per ton. = 0.14 — 
4 clips, asin A 2b . . 3.00 kgr. 
4 clip bolts, asin A 2b... 2.32 ker. 
5.32 kgr. — 20°/, wear = 4.26 ker. at 40 mk. bee 
ton : ase vgs : = 0.17 — 
Total . 2.18 mk. 


From the longer period of service there 
results, therefore, in favour of track K, 
a total saving of 
0.36 + 2.18 — 1.99 = 0.55 mk, per sleeper, 
or,for 1 kilometre with about 1 600 sleep- 
ers, 

0.55 x 1600 = 880 mk. per kilometre 
(1 416 mk. per mile). 


(3 000 x 0.02 x 9) + (3000 x 0.02 x 3) 


The quality of the construction in 
track K results in a reduction in annual 
maintenance charges, which amount to 
about 2000 marks per kilometre (3 200 


2 000 x 0.02 x (1.054 — 1 


There are also the economies effected 
in connection with the laying of the 
track. On the German State Railways 
the cost of this work amounits to about 
3 000 marks per kilometre (4 800 mk. per 
mile). Assuming that a saving of only 
2 % is effected in the laying of track K, 
this gives a total saving in favour of 
track K, over a period of 45 years, of : 


1 
wee = 0.45 mk. per sleeper. 


mk. per mile); here also, assuming a Sav- 


ing of only 2 %, the total saving over a 
period of 45 years is : 


) 


1600 * 0.05 


Taking into account also the fact that 
the poplar wood packings are better held 
in place in track K, and assuming that 


[(0.14@ x 


= 4 mk. per sleeper. 


they are renewed once less in each pe- 
riod of service of 22 1/2 years, there is 
a further saving of 


2) + (0.060) x 2)] X (4.3 + 2.1) = 2.56 mk. per sleeper. 


The full saving with track K is therefore : 


From the longer period of service 
Reduction in laying costs 
Reduction in maintenance charges 


Lesser cost of poplar wood packings. 


0.55 mk. per sleeper. 
0.45 -—— 
we cc) See eS 
ae es: — 


7.56 mk. per sleeper 


or 7.56 x 1 600 = (in round figures) 12 000 marks per kilometre (19 3800 mk. per mile). 


(4), At 5 Jo interest, the interest factor over 45 years is 9, and over 22 4/2 years, 3 (laying in 


secondary line track). - 
_ (*) Price of a single packing of poplar wood. 


(3) Cost of laying and taking out a single packing of poplar wood. ; 
(4) We assume renewal to take place at the end of 15 years; ¢, e. the first pertodt is 15 years, and 
td interest factor for (45-45) years is 4.3; the second period is 30 years, and the interest ee fot ee, 


years is 2.4. 


a 
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These economies will, however, be in- 
creased considerably by the almost com- 
plete discontinuance of the use of anti- 
creep clamps. At present 6 of these are 
used per rail length, and they cost (the 
cost of fixing included) 1.50 x 6 =9 mk., 

or, at compound interest over a service 
period of 45 years, 9 x 9 = 81 mk., or 
about 3.30 mk. per sleeper. 

It must also be assumed that the cost 
of the ribbed plates, and of their welding 
on to the sleepers, willl decrease as. the 
methods employed are perfiected. It may 
also be anticipated that the price of the 
ribbed plates per ton which in the above 
calculations is taken at 280 mk. will 
eventually drop to from 240 to 250 mk., 
or say on the average 245 mk., which 
will mean a further reduction in initial 
capital outlay of 


).035 x 2.81 x 2 = 0.20 mk. per sleeper. 


Further, according to welding experts 
it may be taken that the cost of welding 
be reduced from 1.40 mk. to about 1 mk. 
per sleeper. Adding this to the last-men- 
- tioned reduction, the total saving on the 
plates will be 


0.20 + 0.40 = 0.60 mk. per sleeper, 


or, over a service period of 45 years, a 
total saving of 


0.60 x 1.0545 = 0.60 x 9 = 5.40 mk. 
per sleeper. 


It is, therefore, beyond question, even 
‘to the most severe critic, that the K type 
of track has favourable prospects. In 
the welding shop of the German State 
Railways ot Wittenberge they have al- 
ready got down toa period of 3 minutes 
for welding per plate, whereas in_ the 
-above calculations the basis taken is 8 mi- 
“nutes per plate. 

Siemens-Schukert and the « Allgemeine 
Elektrizitats-Gesellschaft >» have recently 
‘been producing an automatic welding 
apparatus for welding the ribbed. plates 
-to sleepers, which still further reduce the 


time taken up by the welding operation. 
The great advantage of this automatic 
apparatus is, however, that the quality of 
the welding is not dependent on the 
work of any individual employee. - 


Conclusion. 


After the introduction of track fitted 
with ribbed bearing plates fixed on tim- 
ber sleepers, there was ja certain increase 
in the latter as compared with iron sleep- 
ers, and this unfortunately necessitated 
the importation of large quantities of 
timber sleepers from Eastern Europe. It 
is fortunate for the German metallurgical 
industry that it has now been found pos- 
sible to combine the advantages of the 
ribbed bearing plate with the use of iron 
sleepers. The iron sleeper track will 
undoubtedly prove ultimately superior to 
the timber sleeper track from the econ- 
omic point of view. This superiority 
will derive principally from the greater 
durability of the iron sleeper, at all 
events on lines situated in regions where 
the atmosphere is free from acids, which 
is the case as regards from 80 to 85 % 
of the total railway system. With the 
use of elastic packings (poplar wood) at 
the rail seats, running is as smooth on 
iron sleepers with ribbed plates as on 
timber sleepers, particularly as there are 
no fastenings which can work loose. 

In view of the great advantages pres- 
ented by a track in which ribbed bearing 
plates are welded on to iron sleepers, the 
higher initial expense is very rapidly 
compensated for, as is shown by the 
above comparative figures. Here again 
is confirmation of the old principle that 
a good superstructure is the best invest- 


‘ment a railway | administration can make, 


particularly when it is remembered that 
this superstructure has. a period of ser- 
vice which last for several decades, and 
that during this long period unforeseen 
chaniges may take place as regards. Bede 


loads and, train speeds. 
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The correction of curves on railways, 
By N. GIOVENE, 


ENGINEER. 


———} 


Figs. 1 to 3, pp. 407 and 409, 


(Rivista tecnica delle ferrovie italiane.) 


1. — The curves on railway lines after 
a few years use, reveal irregularities 
which may become extensive and 
dangerous. These irregularities have 
their origin either in real deformations, 
properly so called, occurring after the 
laying in of the track, or in initial errors 
in the layout. 

In practice, it is necessary to check 
over and correct the layout of curves. 
The rules to be followed when doing 
work of this kind are given in the 
instructions issued to the permanent 
way staff. Owing to the different cases 
that may arise, these rules are sometimes 
incomplete and require to be elaborated 
by the Engineers responsible for the 
maintenance of the line. 

It would therefore appear opportune 
to recall to mind certain general prin- 
ciples and formule, together with the 
method of using them, put forward in 
mecent times (1) to: a) accurately measure 
up an irregular existing curve; b) calcu- 
late the regular curve that ought to be 
substituted for it; and c) lay out this 
latter curve on the ground. 


2. — The fundamental rule to be fol- 
lowed in future consists in  measur- 


(4) See the article of Mr. Lefort published in the 
Bulletin de la Société des Ingénieurs Civils de 
France of May 1940 and in the Revue Générale des 
chemins de fer of January 19144. See also the later 
articles, especially those of Messrs. Cassan, Hallade 
and Triboulloy, the synopsis published in 1926 hy 
Mr. Chappelet in the review |’ Ingéniewr-Construc- 
teur. See also the article published by The Rail- 
way Gazette of the 15 September 1916, page 283. 


ing up and laying down a curve by 
means of the offsets corresponding to 
equal and consecutive chords in oppo- 
sition to the method of laying out the 
line most often used when building it 
(abscissee and ordinates on the tangent; 
chords ‘starting from a single point of 
origin with the corresponding offsets; 
extended ichords). 

In an arc of a single circle, these 
offsets are of equal length; in a con- 
necting curve with increasing radii they 
increase on the contrary from zero at 
the tangent until they equal that of the 
are of the circle, 

Having stated this: if on an existing 
curve (fig. 1) we measure the offsets 
fy foo fe. of the equal and- suc- 
ceeding chords 0-2, 1-3, 2-4..., and if on 
a diagram with the chords as abscisse 
the offsets are shewn — preferably to a 
large scale ‘as ordinates, by joining up 
the ends by a continuous line (fig. 2), 


it is easy to observe any irregularities. 


indicated by sudden changes, and to 
establish the lay-out to be substituted so 
as to get the desired improvement. 

The difficulty is this: fo set out the 
new circle on the site, reference must be 
made to the existing curve, and for this. 
it is necessary to calculate the displace 
ments d1, d?, d3... the different pegs 1, 
2, 3... have to be given from this last in 
order to obtain the correct layout, that 
is to say, the layout which, correspond- 
ing to these pegs, in place of the offsets 


fy» fo» fy. gives the new offsets F,, F,, 


pe 
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eas 


0 ee Eee 
Fig. 2 

Tf in order to state the difference 

between the offsets at a point P,-we take 


8p = fp — Fp 
the three following fundamental rela- 
tions remain, it being understood that 
the offsets corresponding to two suc- 
ceeding pegs may be considered as 
being to all intents parallel : 


ec oe 
= bp-1 + 2p —2 is, es os So 


+ (p—2)62+(p—l1)y.... (1) 

Crt aie SS See er ra eee 

Bile heehee ea TIO pean), | 
equations also written in the clearer form 


dy 


m=p ; 
re aad aay Op = mers 1’) 

2 Se ey ee (2') 

Dies fey 

x, 1 Pe =9 Bens Lae p (3’) 

3. — Formula (1) enables us to eal- 


culate the displacement any peg has to 
make, as a function of the differences § 
relative to all the preceding p — 1 pegs. 

The other two formule (2) and (3) 
can be combined in a single theorem if, 
like Mr. Dupuy, we liken the 6 to parallel 
forces in a single plane: all that is 
needed is that they form a system in 
equilibrium in order to connect the new 
layoul with the old.- 


(2) and (8) are closure equations in 
this sense that it is essential if they are 
to be solved, for the two curves, the 
regular andthe irregular, to join together 
at the ends on ‘the tangent. When used 
rationally, the two equations have the 
following meaning : 


(4) a) For the diagrams relating to the 
curve measured and the corrected curve, 
the sum of the offsets is the same. 

(5) b) The areas between the curves 
of these diagrams and the axis of the 
abscisse% have their centres of gravity at 
the same distance from the point of 
origin. 

It is unnecessary to state, that these 
equations are always approximations, 
only allowable in so far as the chords 
are taken as being shorter and shorter as 
the radius diminishes. — 

The quantities d will change in sign 
according as it is a case of movements 
towards the inside or towards the 
outside of the curve to be corrected. 


4, — In practice, after having drawn 
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down the diagram of the offsets for the 
irregular curve, it is necessary to draw 
on it the line corresponding to the regu- 
lar curve it is desired to substitute for it. 
The offsets F are then obtained from it 
so as to be able to calculate for each 
point the difference 6 between f and F. 

In a graph of this kind, a straight line 
parallel to the axis of the abscisse 
corresponds to an are of circle, and an 
inclined straight line to a_ transition 
curve, the radius of which decreases 
proportionally from infinity to a con- 
stant value. 

In order to correct a curve, there is an 
infinite number of solutions as the two 
equations (2) and (3) have already 
shewn us: it is therefore advisable io 
attach a limiting factor. 

The most simple solution, ‘which 
naturally presents itself. to the mind, 
consists in re-establishing the original 
circle, connecting it eventually to the 
tangents by curves of changing radii. 
But when the offsets measured can form 
more than one group of values ranging 
round an average value, it is well to 
make the new curve with arcs of dif- 
ferent circles, provided they can be 
joined together and to the tangents by 
transition curves. 


Which of the two systems is the one 
to be adopted in any actual case in prac- 
tice and, if the second be selected, to 
what point should the area of circle of 
different radii be extended cannot be 
stated in general terms. Only the careful 
examination of the graph of the existing 
offsets, drawn to convenient scales, cai 
bring before the mind for the whole the 
most satisfactory solution; but subse- 
quently only a very detailed calculation, 
based on the fundamental jprinciples and 
equations already given, makes it 
possible either to perfect this solution or 
after having determined the necessary 
displacements, to transfer the new curve 
on to the site on which the irregular 
curve is found. 

The most convenient way of setting 
out these calculations is substantially the 
same with the single radius as with the 
changing radii for the néw curve. We 
will therefore be content to state it 
briefly for the most simple case of an 
are of circle of single radius joined up 
to the tangents by curves of changing 
radii. 

First of all, in order to calculate the 
displacements, formula (1) should be 
used following the very simple method 
reproduced below : 


Difference 
between the 
offsets f— F = 6. 


Number 


of the pegs. 


Sum of the differences § 


(in between the line). 


Sum of the figures 
of column 3. 
Half displacement 
(on the line), 


1 | 2 | 
0 0 

a 0 
1 a 

34 
2 6g } 
i Oy -t de 

3 03 : 
4 O4 
5 Os 


84 + 62 + 4; 
61 + 62 + 653 + &% 


3 | 4 


0 
een 
| 204 + 82 


Cee he ae Oe 


43, + 30, + 285 4 a 


ho = 


According as the displacement is 
positive or negative it has to be made to 
the outside or to the inside of the old 
curve, 

The last column of this table supplies 
the means for calculating straight away 
the displacement of a peg which it is 
known a priori can be moved but little 
from its present position: in this way 
it can be seen at once, without carry- 
ing the investigation any further, if 
the regular curve chosen can be used 
or not, 


If it can, the subsequent procedure is 
as follows : 

A. Preparatory calculations : a) Draw 
up a table in the form given below; 
b) fillin columns 1 and 2 (measurements 
taken on the ground); c) fill in column 3 
using for each peg the product of the 
offset and ‘the order number of the peg; 
d) calculate the sum s of the numbers of 
column 2; e) calculate the sum S of the 
numbers of column 3; f) find the ratio 


~|™M 


no) ay o Ags n a £ 
D ~ Difference eee a . 
; Eg | 23s > SAons | Sica). Displacements 
tats Roel a al between Beg oe & 
= — pa q 
se Some ONO. 3} the measured |_ 5 35/2885 
3 s & ova a=) d aS segi8ss 
So He 1952 @ au SS =8/5 822! towards towards 
a 4 = & Os = i pe ry 9 ol Ss LOW a 3 f rd 
sa ace dls Soeiae S| calculated offsets. SE/7 08 : rie 
a ad Ma eet 2 |=————_|} 3.8] S§._8] the outside | the inside 
i) ,2 3 “OD = OTS Se On 
| ga tae Ned ase es inte | ee tdar st 3 (+) (-) 
a” ae eee 5 6 7 8 


B. — Draw down the diagram of the 
corrected curve. Determine the centre 
of gravity of the new diagram (fig. 3). 
— All that is required is to mark off 


S 
from the point O the length y = - ex- 
s 


pressed in multiples of the chord. The 
construction is proved by the formula (5). 


~C. -— Draw down the diagram of the 
circular part (fig. 3). — The radius 
employed for the original layout of the 
line will be retained. 


A ADA IS fete 1S 
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After having calculated the offset f 
corresponding to this radius and to the 
value chosen for the chord, a_ line 
parallel to the axis of the abscissoe will 
be drawn at a distance f from it. The 
half-length of the circular part which 
will connect the two tangents will be, 


sh ae . P 
from equation (4), d = — in which S 
CD ns 


is, aS we have said, the total of column 2 
and d is expressed as a multiple of the 
constant chord. 

Mark off this length d on both sides of 
the abscisse through the centre of gra- 
vity. We thus get the rectangle ABB/A/ 
that is to say, the new diagram having an 
area equal to the area s of the diagram to 
be corrected. 


D. — Establish the diagram of the 
transition connecting curve, — Take the 
centres M and M/ of the straight lines AB 
and A/B’, 

Continue OM ito meet BB’ in C. 
Through M’ draw a line M/C’ of equal 
slope to OC and continue it to D’ where 
it meets the axis of ithe abscissae. 

We get in this way a comprehensive 
diagram OMCC/M’D’ of the complete 
corrected curve having an area equal to 
that of the rectangle, and, consequently, 
to that of the diagram of the irregular 
curve measured up, as required by equa- 
tion (4). 

The resulting slope of OMC should 
comply with the design of the transition 
curve with varying radii used on the 
railway in question: if it is not so, it 
becomes necessary to move the origins 
O and D! above the abscissz axis, that 
is to say, to borrow still more from the 
tangents, 


E, — Calculate the new offsets to be 
inscribed in column 4, — The calculation 
which has already been made for the 
central part of the new curve ought to 
be extended to the two extreme ends, 
which can be done graphically, or even 
analytically, taking into account the 


slope of the straight lines OMC, D'M/C! 
and of their starting or termimating 
points on the axis of the abscisse. 


F, — Calculate the displacements. — 
a) Obtain for each jpeg the algebraic 
difference between the measured and the 
new offsets and enter it in the sub-column 
of 5 according to its sign. Check if the 
total of the positive column is equal to that 
of the negative column; b) Enter in co- 
lumn 6 and under the line the algebraic 
total of all the numbers of column 5 fall- 
ing on the upper lines as shewn in the 
sketch given above. In carrying out 
these operations turn by turn, it will 
suffice if to the last number found the 
following number of column 5 is added. 
The final total should be nil, and any 
different result shews there has been an 
error in the calculation; c) Use the num- 
bers in column 6 ‘as we have described for 
those of column 5 and enter the results in 
column 7. The numbers found are on a 
line with those corresponding to the 
pegs; d) Double the numbers found in 
column 7 and enter them in ‘column 8. In 
this way, we get in amount and in sign 
the necessary displacements to correct 
the curve. 


d. — All that seems to be required is 
to have taken great care in all the details 
of the necessary calculations for the 
most simple case of correction with a 
single radius. It will be of use ito con- 
sult, in addition, the condensed paper of 


Mr. Chappelet (see the note at the foot 


of page 406) if one wishes to have at 
hand a completely worked out numeri- 
cal example of this case, as also of the 
more complexe case, for which, how- 
ever, there are no precise rules but for 
which it is a question of applying, 
according to the indications given by a 
study of the graph of the offsets, a more 
or less complicated combination of the 
methods already sufficiently described. 

When there are unavoidable obstacles, 
such as parapets of bridges, lines of 
posts, signals, etc. there is a maximum 
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permissible limit of the displacement of 
some of the pegs, as we mentioned in 
connection with the first table of para- 
graph 4. 

Whilst they are based on very simple 
principles, the practical calculations of 
necessity become very laborious, but a 
compensation is found in the resulting 
ability of being able to determine the 
displacements necessary for the rational 
correction of existing curves. In any 
case, this labour contains a lesson for 
those who may have considered exag- 
gerated the special examination of the 
connecting curve with specified points 
during the construction. This examina- 
tion is on ‘the contrary often opport- 
une when it is a question of joining up 
two tangents whilst respecting the 
actual practical conditions which geo- 
metrically reduce themselves to a few 
elementary cases (*). 

The two investigations into the con- 
nection with specified points during the 
construction and the correction of curves 


(4) See N. Giovens : Raccordo con elementi 
obbligati nei tracciati ferroviari, Naples, Merano, 
1944, and HEngineering News of 14 May 1916, 
page 904. Bes 


curves. 


on railways in operation, have an im- 
portant point in common in the question 
of knowing if and when it is advisable to 
introduce special parabolic connections 
in polycentric curves. On this subject 
we refer to the appendix to an article 
already mentioned as a foot note, in 
which we also apply to the polycentric 
curves the figures given in the Instruc- 
tions published by the Italian State Rail- 
ways in 1908 for the parabolic connec- 
tion between circular curves and the tan- 
gents. 


Finally, it should be unnecessary to 
insist on the approximate character of 
the rules given for the correction of 
It is, however, a question of an 
approximation which for the usual cases 
in railway ‘practice, cannot lead to 
appreciable errors, and which, in all 
cases, would assist in making estimates 
in accordance with the two following 
hypotheses : 


a) Two consecutive offsets are taken 
as parallel; 

b) In each case the transition connec- 
tion is shewn in the graph of the offset 
by an inclined straight line. 


[ 628 .254 (.73 ] 


Heating and ventilation of passenger cars, " 
Z By Epwarp A. RUSSELL, 


ENGINEER OF DESIGN, VAPOR CAR HEATING COMPANY, CHICAGO, ILL. 


Figs. 1 and 2, p. 415. 


(From the Railway Mechanical Engineer.) 


All exhaust ventilators now in use vary 


in capacity according to train speed. 
This variation is admittedly too great 


as between a car at high speeds and one 
standing still. It is also a fact that in 
passenger cars, even at reasonably high 


(!) Abstract of a paper read at the annual winter meeting of the American Society of Mechanical 
Engineers (Railroad Division), held in New York, 5 to 8 December 1927. ° 
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speeds, there will be « dead-air » spots, 
generally about midway between the 
floor and deck, and at either side of the 
aisle, in an openrbody car. The regu- 
lation of the exhaust capacity and the 
maintenance of a continuous and 
uniform change of air throughout the 
car, regardless of train speed or of wind 
direction and velocity, would result in 
increased comfort and economy. 

The number of ventilators to be 
applied to a car should be determined by 
the capacity of the ventilator and the 
maximum number of occupants to be 
carried. The Master Car Builders’ 
Association report and recommendations 
in 1908 showed that 1000 cubic feet of 
fresh air should be supplied per hour for 
each passenger, 

The present overheated and _ stuffy 
condition often present in cars standing 
at stations, can best be overcome by an 
arrangement whereby steam will be auto- 
matically shut off and a_ forced 
ventilation simultaneously begun when- 
ever icars come to a stop. This could be 
further developed so that the amount of 
forced ventilation would be automatic- 
ally controlled by ttrain speed. 

An efficient ventilation and heating 
system requires sufficient fresh air 
admitted by proper intakes, uniformly 
warmed by an easily regulated or auto- 
matically operated heating system, thor- 
oughly circulated for the comfort of 
occupants, and exhausted by properly 
regulated mechanical means. 

The heating of passenger cars has 
recently received special attention 
because of the difficulties that have been 
introduced by the advent—of larger 
locomotives and the hauling of very long 
passenger trains. The increase of steam 
pressures necessary for car heating has 
rendered rubber hose unsatisfactory and 
uneconomical for steam connections 
between cars. Where rubber steam hose 
is used, a maximum of 10 to 12 cars can 
be satisfactorily heated. In severe 
weather it is the practice on some roads 


to remove the steam hose, particularly on 
head-end cars, at the end of every trip 
and replace it with new hose, in order 
to avoid train delays due to burst steam 
hose. 

A most timely editorial appeared in the 
Railway Age, 8 January 1927, entitled 
«Car heating both difficult and expen- 
sive », in which it was stated that « tests 
have shown that a modern steel pass- 
enger car can be heated with about 
2.85 lb. of steam per hour per degree 
difference in internal and _ external 
temperatures. This difference may 
reach 75° or more, and in a -15-car 
train, therefore, 3200 lb. of steam per 
hour are required, or roughly eight per 
cent of the locomotive boiler capacity... 
A passenger car is essentially a room on 
wheels with a large proportion of 
window area, and exposed on all sides, 
and passes at high speeds through 
blizzards and sleet storms, and all kinds 
of inclement weather. » 

At the close of this editorial this very 
Significant statement was made: « The 
flow of steam through two-inch pipe in 
train line is restricted in most cases, 
owing to the use of couplings between 
cars with only 1 3/8-inch openings, » 

In a later editorial (12 March 1927), 
on « Heating long passenger trains », the 


Railway Age stated that « with a maxi- 


mum train-line pressure of 130 Ib. at the 
reducing valve, it has been found 
impossible to heat the rear cars of a 
15-car train to anywhere near 70°. Under 
these conditions, it has been found 
necessary to have the initial train-line 
pressure materially higher to supply 
steam fast enough to be carried back to 
the rear’ car of such a train. The 
utilization of high steam-line pressures 
presents ja number of difficult problems 
in design, maintenance, and operation 
that can only be solved by considerable 
study and experiment », 

These two editorials indicate the pro- 
blems that have to be met in car heating. 


= es 


Car heating requirements. 


Essentially there are three requir- 
ements. for ideal passenger car heating : 
Sufficient volume and pressure of steam 
supply from locomotive for the adequate 
heating of every car in train; full-area 
steam passage through connections 
between cars, with minimum friction 
and freedom from leaks; and correct 
amount, distribution, and regulation of 
heating surface in each car to heat the 
car economically and_ satisfactorily 
under all conditions. 


Locomotive equipment. 


For a number of years a 2-inch steam 
train line has been used under passenger 
cars, but the source of supply from the 
locomotive boiler is still restricted to a 
1 1/2-inch outlet at the stop valve, with 
even smaller area for the steam passage 
through the valve. This restriction ne- 
cessarily retards the volume flow of 
steam to meet car-heating demands in 
severe weather, particularly on long 
trains. The use of a 2-inch stop valve, 
preferably of the angle type, constructed 
so that the valve seat lifts free from the 
path of the steam, will provide a greater 


amount of steam for car-heating pur- 


poses, © 

Essentially, then, this area should be 
maintained in reducing-valve connec- 
tions in all steam-heat piping on the 
engine and in all steam-heat connections 
between the engine and tender. Tests 
made by one of the large railroads, using 
a 2-inch stop valve and a 2-inch pipe to 
reducing valve, showed ipressures at the 
reducing valve to be more than 10 % 
higher than those where a1 1/2-inch stop 
valve and pipe were used with the same 
boiler pressure. It is important that the 
full area be obtained at the boiler outlet 
to the steam-heat line, and that the steam- 
heat piping on the locomotive be prop- 
erly protected with covering. 

Of more importance than is often 
recognized is the pressure-reducing valve 


used in the steam-heait line on locomo- 
tives. The length of train and varying 
outside temperatures determine the 
pressure and volume of steam required 
for car-heating purposes. Considering 
the maximum steam requirements for 
car-heatinig, possibly 8% of the boiler 
capacity, it is important that the re- 
ducing valve should permit economy 
in steam consumption under other than 
the maximum requirements. The pres- 
sure-reducing valve, therefore, should he 
capable of adjustment to any desired 
pressure, and should maintain that pres- 
sure without fluctuation. A most 
important feature in the operation of 
locomotive pressure-reducing valves is 
the item of maintenance cost and the 
delay to the locomotive while making 
repairs. This has been successfully 
overcome by the adoption on many roads 
of a reducing valve so constructed that 
the cylinder walls and piston (the prin- 
cipal parts which wear or « wire-draw >) 
may be quickly renewed without remoy- 
ing the valve from the pipe connections. 

With present pressure requirements on 
steam-heat lines, rubber steam hose 


~cannot be successfully used between the- 


engine and tender and at the rear of the 
tender. Tests conducted in 1920. by the 
Montreal Air Brake Club showed a pres- 
sure loss between the reducing valve and 
the rear of tender of 13 % with standard 
1 1/2-inch steam hose between the 
engine and tender, and a pressure loss of 
5 % with 2-inch metallic connections. 
Flexible metiallic connections for this 
service should adapt themselves to any 
motion in service without restricting the 
steam areas, : = 
With locomotives thus equipped, 
including all 2-inch piping and connec- 
tions on tender, a higher pressure is 
available for car-heating purposes, 


Connections between cars. 


The necessity for a full 2-inch steam 
passage through end valves, metallic 
conduits (used instead of rubber hose, 
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which is not practical for high pres- 
sures), and couplers between cars has 
been proved by 41 tests. 

As far back as 1922 it was demon- 
strated in actual service tests that when 
changing engines at terminals, steam 
would pass to the vear of a train equip- 
ped with 2-inch connections between 
cars in less than one-half the time requi- 
red in a train equipped with 1 1/2-inch 
connections between cars, 

Last winter, one railroad, in an effort 
to heat long trains of 18 to 20 cars, 
removed the reducing valve from the 
locomotive and applied armored steam 
hose to all cars so that full boiler pres- 
sure would be available for car heating; 
but even with this arrangement the rear 
cars could not be heated in severe 
weather. Two-inch end valves and 
2-inch metallic conduits were applied, 
leaving the 1 1/2-inch couplers which 
have only a 1 3/8-inch gasket opening. 
However, to heat the rear cars satisfacto- 
rily in extreme weather it was found 
necessary also to apply 2-inch couplers. 

Another recent test indicated a pres- 
sure drop through the equivalent of five 
cars equipped with 1 1/2-inch end valves, 
rubber hose, and couplers which was 
50 % greater than with the 2-inch 
connections between passenger cars. 

It has been found, where 2-inch metallic 
conduits are applied, that the saving in 
cost of steam-hose renewals over a pe- 
riod of two heating seasons in northern 


~climate will more than cover the entire 
‘expense of the metallic conduits. Fur- 


ther maintenance economies will result 
from the use of metallic conduits 
constructed so that the gaskets and any 
other parts requiring renewal can be 
changed without special tools and 
without removing the conduits from the 
cars; and by the use of gaskets with long 
life—made possible by arranging the 
conduit so there is no weight or strain on 
the gasket under any condition of 
service, 

One railroad made a very exhaustive 
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Company's Thermastatic Control af Vapor Heat on Michigan Central Coach. 


Recorder fguipped with Hagnet heedle for Kecarding Valve 
Operations also shown abore. 


Fig. 2. — Comparison from tests of steam required in service and at terminals by a car equipped 
with double automatic control vapor system. 


(For a car in service, valves are on 90 %p of the time; when the car is idle, the valves are on 23 °%/p of the time.) 
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test last winter, with 20 cars standing 
in yards and with 15 cars in train 
service, to compare the results obtained 
by using 1 1/2-inch connections (end 
valves, rubber hose, and couplers) and 


etc., of different materials and insula- 
tions, were given in a paper by K. F. 
Nystrom of the Chicago Milwaukee & 
St, Paul Railway presented atthe Fe- 
bruary, 1924, meeting of the Canadian 


2-inch metallic connections. between Railway Club. This paper also indica- 
cars. Figure 1 and Table 1, compiled ted the usual heat losses in steel 


from this test, show conclusively the 
desirability of equipping locomotives 
and passenger cars with 2-inch steam- 
heat connections throughout. 


Radiating surface in cars. 


There is a special field for electric and 
hot-water -heating systems. In strictly 
suburban service electrically operated 
cars are heated by electricity, although 
an electric heating system in more 
expensive to operate than a steam 
heating system. For main-line passenger 
cars, even where hauled by electric 
locomotives, the use of steam is far more 
economical, more flexible in regulation, 
and more desirable. 

The use of pressure steam-heating 
systems has been discontinued. They 
are neither safe in case of breakage of 
radiating pipes from any cause, nor 
economical in steam consumption. With 
pressure systems the cars in the head 
ends of trains were always overheated, 
and the traps were frequently frozen. 


While steam under pressure has a higher . 


temperature, the difference is of no 
advantage in comparison to the objec- 
tions and troubles arising from the use 
of pressure heating systems, 

In calculating the radiating surface 
required for a pasenger car there are 
many conditions that must~be conside- 
red, such as the kind of car, its construc- 
tion, the tightness of windows and doors, 
the minimum outside temperatures 
encountered, and the maximum inside 
temperature required. There are defi- 
nite heat losses to be figured. These 
vary somewhat, depending on methods 
followed in construction. Formulas for 
figuring the conductivity of walls, floors, 


passenger cars. 

The total amount of radiating surface 
required in a steel passenger car is 
generally based on the ratio of one 
square foot of heating surface to 13 cubic 
feet of space inside the car. This, of 
course, assumes that the car is properly 
insulated. 

A heating system for passenger cars 
must be arranged to warm the car under 
all conditions of outside temperature, 
which, during a single trip on some 
roads often range from below zero to a 
point requiring no heat whatever. This 
mecessitates extreme flexibility in me- 
thods of controlling inside car tempera- 
tures. 


Automatic temperature regulation. 


In the development of automatic tem- 
perature regulation for passenger-car 
heating the paramount consideration has 
been its resulting economy to the rail- 
roads. Normaly a passenger car is in 
train service only one-third of the time. 
One some roads the average is more, and 
on some roads less. It is therefore 
important to avoid all unnecessary waste 
of steam by the usual overheating of cars - 
lying over at, terminals approximating | 
two-thirds of the time. 

There is no necessity for maintaining 
in cars in terminal yards the tempera- 
tures required in service. A-50° car tem- 
perature in yards will prevent freezing of 
toilet water and permit cleaning and 
other work inside the car without 
discomfort. Such temperatures can be 
maintained at terminals by automatic 
regulation, 

To maintain by automatic means a 
temperature of 50° in ears in terminals 


& 


vs 
a #5 
s 
-_ 


‘ 
: 
| 
: 
: 


— AIT 


for two-thirds of the time, and, say 70° 
in service for one-third of the time, re 
quires the use of two ‘thermostats, each 
made to operate at the predetermined 
temperature, one for terminal control 
and one for service control. 

The requirements of an automatically 
regulated vapor system are as follows : 

It must retain the «short-circuit » 
principle of the manually operated vapor 
system in order to prevent freezing, etc. 

It requires a double thermostat pro- 
perly located in the car. 

It must be designed to change auloma- 
tically from the 50° terminal-control 
thermostat to the 70° service-control 
thermosiat, or vice versa, without any 
manual attention This is accomplished 
by the use of an air-operated contact 
switch arranged so that the presence of 
air in the brake train line will put the 
70° or service thermostat in control of 
the heating system, while the absence of 
air in the brake line will put the 50° or 
terminal thermostat in control, 

It must be arranged so that the 70° 
thermostat can be put in control manu- 
ally when it is necessary to heat cars for 
occupancy and there is no air in the — 
brake line, at the same time not affecting 
the automatic change from 70 to 50°, or 
vice versa, when air has again bec icon- 
nected to the brake line. 

With the possible maximum use for car 
heating of 8 % of the total steam gene- 
rated by the locomotive, it is very 
essential that every economy be made in 
heating passenger trains. An automati- 


Outside temperature, 26° F 


cally regulated vapor system will main- 
tain uniform temperatures in train sery- 
ice, increasing the comfort of the 
traveling public, and will effect conside- 
rable economy in actual. steam consump- 
tion. It will also eliminate unnecessary 
waste of steam in heating cars at ter- 
minails. 

Figure 2 shows the result of a o4 hour 
test, both in service and at the terminal, 
of one car equipped with an automa- 
tically regulated vapor system. It will 
be noted that in service, with an average 
outside temperature of 6°, a uniform 
temperature was maintained in the car 
and steam owas actually shut off 
automatically for 10 % of the time. In 
the terminal, steam was shut off 77 % 
of the time. 

The saving in steam and coal consumed 
in- heating passenger cars at terminals is 
further emphasized by ia test made at a 
Chicago passenger terminal of two 
70-foot steel passenger coaches, identical 
in construction and in the arrangement 
and amount of radiating surface, quoted 
below : 


Both cars had arrived inthe same train, 
and inside temperatures were the same 
at beginning of test. 

Ventilators of both cars open; vestibule 
doors adjusted similarly; temperature 
readings taken, and all condensation 
mesured at frequent and regular inter- 
vals, 


Steam supplied both cars from same 
source, through a tee-connection. 


Average inside temperature maintained during “ lay-over », ” 


degrees Fahrenheit . . 


Percentage of time steam was used in n radiating pipes : 


- Average condensation, lb. per hour 


Average saving condensation, lb. per hour. 


Or approximately : ; 
Total saving per car per year ; 


_ Automatic- Uncontrolled 
contrel car. car. 
53 83 
18 100 
33.35 124.76 
91 .4]- — ae 


14 1b. coal per hour. 
40 000 Ib. (20 tons) coal. 


Also approximately 37 000 gallons of aA, 

(Above total saving based on the fact that passenger cars eS over at terminals or 
in yards practically two-thirds of the time, and allowing 188 days out of each year 
during which steam Bore be required in yards.) 
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Condensation from the yard line 
drained before steam entered either car. 

One car operated continuously under 
double automatic control vapor system, 
with the 50° or «lay-over» thermostat 
in control. 

Other car, similarly equipped, had the 
automatic control feature ‘cut out, and 
was operating continuously with all 
valves in the «On» position or wide 
open, the usual way of heating «lay- 
over » cars. 

In spite of numerous tests that have 
heen made to determine the actual or 
average steam consumption required to 
heat passenger cars both in train service 
and at terminals, it may be said that no 
formula has been developed that will be 
accurate under all conditions. 


Outside Pressure at 
temperature, steam heat gage, 
degrees Fahr. lb. per squa:e inch. 

27 110 
—8 110 


During a test of a train in which all 
the cars were equipped with automatic- 
ally regulated vapor system, it was 
found that as the thermostats in the cars 
automatically closed the admission valves 
_and cut out steam from the heating coils 
inside the cars, train-line pressures in- 
creased. In one instance, presumably 
the result of thermostats in all cars 


Theoretically, approximately — three 
pounds of steam per car-hour will be 
required for each degree of temperature 
difference to be maintained between 
outside and inside for an ordinary steel 
passenger car. 

The diversity in types of car, their 
methods of construction and insulation, 
interior arrangements, number of expo- 
sed outlets of heating system, direction 
and velocity of wind, all affect the 
condensation of steam for car heating. 

An important factor is the speed of 
train which automatically increases the 
amount of air exhausted through ven- 
tilators. As an indication of the relative 
increase in condensation with increased 


speed of train, note the following result 


of test made: 


Pressure at rear of llth car: 


EEE 
At 40 miles per hour, Ib. 


At 60 miles per hour, lb. 
40 30 
30 15 


shutting off steam about ‘the same time, 
the pressure at the rear of the last car 
increased 25 Ib. in 10 minutes. 

Proper insulation of all exposed piping 
and connections underneath ike car will 
of course, aid the reduction of condensa- 
tion in severe weather and at high 
speeds. 


[ 624 132.3 (43) & 624 154.5 (45) | 


The Schmidt-Henschel high pressure locomotive. 


Fi, s. 1 to 4, pp. 420 to 423, 


At the present time endeavours are 
being made to improve the efficiency of 
steam power stations by the use of very 
high pressures. On locomotives this 
method makes it necessary to depart from 


the classical type of boiler with interior 
firebox having flat plates stayed to the 
outer plates. Investigations of great 
interest have already been made in this 
direction, especially in America, where 
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a test locomotive has been built for the 
Delaware & Hudson Railroad(!). Another 
test locomotive has been built and tested 
by the German State Railways. We re- 
produce the details given below of this 
engine from The Engineer. 


For the purpose of the experiment it 
was decided to use a standard type of 
locomotive, and to make as few changes 


Schmidt’sche 


in it as possible. A locomotive of th 
S. 10? type, No. H. 17206, belonging a 
the German Federal Railway Gompany: 
was selected, and the principal altera- 
tions made were the provision of new 
cylinders and a new two-pressure boiler, 
in accordance with the patents of the 
Heissdampf Gesellschaft 
m.b.H. The following are the principal 
dimensions of the locomotive after con- 
version : 


1. BorLer. 


a) High-pressure boiler. 


Boiler pressure 
Heating surface of water ‘eubes (fre Side) 
Diameter of water tubes . 


882 lb. per square inch. 
217.43 square feet. 
1.655 laches inside. 
2.01 inches outside. 


Heating surface of evaporating coils in eg ok drum 


(outside surface) . 


Diameter of tubes of evaporating coils in ana pressure vanes 


Length of high-pressure drum . : 
Internal diameter of high-pressure drum 
Water content at lowest level 

Area of water surface. 


Height of lowest water level oe eae of ere 
Heating surface of high-pressure superheater . 


Diameter of superheater tubes . 


Number of high-pressure superheater elements 


426.25 square feet. 
1.26 inches inside. 
1.495 inches outside. 
16 ft. 14 in. 

3 feet. 

62.15 cubic feet. 
28.4 square feet. 
3.94 inches. 

430.56 square feet. 
0.71 inch inside. 
0.945 inch outside. 
30. 


h) Low-pressure boiler. 


Boiler pressure. 

Diameter of boiler. 5 
Length between tube plates. 
Number of smoke tubes 


Diameter of smoke tubes. 


Heating surface (gas side) . 
Water content at lowest level. 
Area of water surface . 


Heating surface of low pressure riper lester. 


Diameter of superheater tubes 


Number of superheater elements. 


206 Ib. per square puch: 

5 ft. 3 in. 

43 {t. 9 4/2 in. 

116. 

3.02 inches inside. 

3.27 inches outside. 
. 4 259.38 square feel. 
.— 127.13 cubic feet. 

53.8 square feet. 

426.25 square feet. 

0.74 inch inside. 

0.945 inch outside. 

56. 


4 ; 
(1) See Bulletin of the Railway Congress, June 1927, p. 552. 
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c) Grate area. 


Length 
Width 
Area . 


9 feet. 
2 ft~44 9/32 in. 
26.59 square feet. 


2. SreaM ENGINE. 


Diameter of driving wheel. 
Diameter of cylinder : 

One high-pressure . 

Two low-pressure . 

Piston stroke . 

Volume of cylinders : 
High-pressure 
Low-pressure 

Clearance : 


High-pressure : Front 
Back. 

Low-pressure : Front 
Backs - 2. 


Ratio of cylinder volumes (one high-pressure, two low-pressure). 


The high-pressure boiler, which con- 
sists of a drum placed above the fire-box, 
is indirectly heated by internal elements 
which receive heat from a water-tube 
fire-box and combustion chamber — see 
diagram (fig. 1). The fire-box walls 


Heating units 60at. boiler-drum 


Steam generating 
tubes 


Furnace 


Ko lower collector 
Rigaud = 


consist of tubes, 2-inch external diameter, 


6 ft. 6 in. 


44.42 inches. 
19.7 — 
24.3 — 


2 271.6 cubic inches. 
7 371.7 cubic inches. 


44.2 fo. 
441.2 /o. 
10.99 Yo. 
10.3 °/o. 
ae 6.5. 


1.65-inch internal diameter. They are 
filled with distilled water, which is 
constantly in circulation. This water is 
evaporated in them, and the steam gener- 
ated passes through heating elements 
which are situated in the high-pressure 
drum. The heating steam transmits its 
latent heat through the heating elements 
to the water in the high-pressure drum, 
and the condensate flows back through 
tubes situated at the back of the 
tubes forming the  fire-box sides 
and returns to the lower foundation 
rings. It should be particularly noticed 
that since the same water is always in 
circulation, no inscrustation of the ‘tubes 
can take place, and, assuming that the 
water is freed of all its contained air, 
there should be no risk of corrosion. 
Intermediate drums are provided 
between the foundation rings and the 
heating elements situated in the high- 
pressure drum to separate the steam and 
water. The latter, thus separated, passes 
down tubes which are also situated at 
the back of the tubes forming the sides 
of the fire-box. It is thus quite evident 


that not only is an intensive evaporation 
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Tabulated results 


Total running 


Test train. 

K ee 5 is 
2 by be Wink 3.4 a ral 
8 o S Train ° 6 a: =| 
5 5 we | & 2 © § >| og —[t eae g Bf 
: : Bi 4 section (1). FI 3 gg g 2 58 a § z 
8 a oe tenes S 2 a4 B S58 > oe 
a) a= VAG g a a <a “20, cyl 

Fa = x so 
1 2 3 | 4 | Sie | 6 | 7 ore Beas et oS | ll | 12 
1 ome 3 008 AT 454 Wp-Mg 27 69.6 83.2 50.2 5 697 
2 Dioe2e Sdpl 63 640 Wp-Cn 38 100.7 122.0 49.5 T 822 
3 8 3 27 Sdpl 54 507 Wp-Cn 30 100.7 124.0 49.9 6 045 
4 lester ale Phas 51 507 Cnu-Wp. 24 100.7 130.0 46.4 4 590 
5 LONSE2T Pb. 42 47 463 Wp-Cn 26 100.7 119.0 A Dear f 5 247 
6 10.3.27 Pb. 43 47 463 Cn-Wp 20 100 7 4134.5 45.9 3.913 
i Zao. Pb. 42 67 672 Wp-Cn 38 100.7 117.0 51.6 7 099 
8 Aone Pb. 43 67 672 Cn-Wp 32 400.7 120-5: ad 6 294 
9 26 .3.27 Pb. 42 67 760 Wp-Cn 44 100 7 124.5 49.7 9 381 


(1) Mg. = Magdeburg. — Wp. = 2 
¥ 


Tabulated results 


Average 
Average steam press ‘ 3 
ge steam pressures, pounds. incheaa 
8Sc6KNe=_0o0—j-ww0€S0am=0O€09—=@q“NwoW090o = 
~ . 
Ss Water-tube boiler. High Low 
E pressure. pressure. 
5 ee aS 3 4 
A Section. = 3 x 
a | —— | 28 2 } a 
: eo. u Bs q i s = g 
se oO n o a0 = — 
- Pa) =| So =| ao AQ | & 
1 2 3 4 5 6 23 5 Ss 3 Ss n 
. ae fea} ne ioe neo 
ee 
° 


> < “a - 
, ee Qe ee, +) Pe 


road tests. 
ee ———___.___._._.____||_==== OE 
We. Running time under steam. | 
- 4 { * = A ‘I 
a 43 Sua % 5 ts as 3 : 
2 2 a: E88 ; A | One Bs 2 ie ss avogn 
ee eer el ee | ae) Be eee feos | Bee | 8 3 | ls Se Sy 
Oe eee ee a he epee eee | a Be LK” E ies clea 
z= ithe Bo, FO | D ie = as els 
1 4 15 16 17 18 19 20 21 et Mee 24 
go2.5 | 1 in 625 | 6.71 769.2 | 68.2 | 80.6 | 50.8 | 5 846 787.4 | 4in588 | + 6.90 794.0 
031.7 | 1in 370 | 10.95] 1042.6 | 97.0 | 144.6 | 50.8 | 8 448) 1.97.8 | 1 in 867 | + 11.64 1 409.4 } 
603.9 } 1 in 370 | 14.05 8414.9 | 98.0 | 116.1 | 50.7 | 6 247 838.4 | 1 in 367 | + 141.54 849.9 | 
570.4 | 1-in 370 | 10.26 559.8 |. 98.7 | 125.5 | 47.3 | 4 683 592.8 | 1 in 867 | — 10.85 581.9 | 
710.2 | 4 in 370 | 11.24 TWAS OT 68 | 14278552, 0" | 5442 749.6 | 1 in 867 | + 41.84 7164.4 | 
480.3 | 41n 370 | 14.45 469.15) 98.3 | 128.0 |} 46.4 | 4 056. 493.2 | 1 in 367 | — 10.55 482.6 | 
979.4 | 4 in 370 | 14.44 990.8 | 96.5 | 108.2 | 538.6 | 7408] 4057.4 | 1 in3867 | + 12.28 | 1 069.6 | 
843.3 | 1 in 3870 | 14.15 832.1 | 97.8 | 1416.0 | 50.6 | 6 482 876.9 | 1 in 367 | — 11.54 865.4 
243.8 |-1 in 370 | 14.05) 1254.8 | 96.6 | 114.1 | 50.8 | 9 777 324.7 | 4 in 367 | + 11.64 1 336.3 | 


idpark. — Cn. = Céthen. | 


“road tests (continued) 


oo Average temperatures, degrees Fahrenheit. | 
Sgnaleaabyags High pressure | _ Low pressure Fire-box Feed ; 
= cylinder. ae cylinder. clothing. water. 2 
= a 3 Fs 
z o & g a 2 ge A % na ni + FE 
< s . E = 3 ces tae 3 Bi s 3 3 8 
= g = 2 4a aS 2 s } B a 5 
2 8 = g Ss a 5 besos 5 ) 2 
; 2 8 = 4a 3s {<2} : 
0 | 40 laa |-2-| 8 |.o# [oe fore [ee 7 hg as ole |, Bote] “biz fiat [ee 3e 
EET Ten ns ne 
236 574 | 577 | 653 | 680 | 385 | 644 | 544 | 246 | 190 | 189 63 196 55 
236 60ts} 651..|- 689 —| 722. |. 447 {657 | 4547 | 228 | 189) 204 59 190 50 
158 556 | 617 | 649 | 686 | 385 | 622 | 507 | 244 | 187 | 192 55 201 54 
118 545-| 594 | 617 | 649 | 372 | 608 | 482 | 242 | 196 }-196 55 190 54 
158 561 | 647 | 633 .| 669 | 874 | 624 | 504 | 210 | 487 | 198 55 196 54 
I78 509. <}° 590.) 612° | 687+] 374 604. | 468 | 210 | 192 | 244 >) 5% 187 59 
236 610 | 680 | 690 | 746 | 440 | 654 | 540 | 224 | 189 | 2427] 54 194 50 
158 6042) 65S <|9678 «| 2102 Je 302 5 654 2522") 216) 190 e207 55 172 50 
133 649 | 705 | 720 | (748) | 457 | 682 | 570 | 244 | 239 | 167 -| 57 204 50 
vV—6 
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Boiler performance. Steam consumption, pounds. 


Locomotive. Pumps. Locomotive. 


hour. 


Ps 


u 
2 
s 
Aa 
oe) 
a 
© 
& 


Per cent H. P. 
steam to total. 
pounds, 
heating surface 
per hour, pounds (!) (2), 
per hour, pounds (?). 


heating surface 
per hour, pounds (}) (2), 
Total steam 
per draw-bar H, P. 
hour based on the level. 
Air pump 
Feed pumps. 


L. P. boiler evaporation, 


Total steam, pounds. 
evaporating coil surface 


After deduction of 
steam for pumps. 
based on the level, 


H. P. steam per square foot 
Total steam per 


H. P. boiler evaporation, 
pounds 

“1. P. steam per square foot 

L. P. steam per square foot 

Per draw-bar H. P. 

hour after deduction 

of steam for pumps, 


draw-bar H. 


ou 
Lo} 


54 


— 


18.4 1 014 {418 315 
17.43 1 803 |34 002 
18.45} ¢ 1 582 |28 478 
20.9 3 4 304 |23 774 
18.6 5 | 1 343 |24 975 
23.0 9 | 4252 | 2 O71 
17.24) 36 1 645 [34 206 
18.4 1 559 (29 015 
16.6 2 026 }39 525 


8 307 
16 654 
13 581 
11 069 
11 960 

9 592 
15 428 
13 805 
20 590 


19 639 
36 250 
30 380 
25 465 
26 664 
23 722 
33 241 
30 825 
42 107 
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() Column 57 calculated on the heating surface of tubes ' . 


(@) These figures are based } 


maintained in the water tubes, but also is more uniform pressure throughout, 
a rapid circulation which, in turn, and, consequently, more regular tempe- 
ensures efficient protection of the rature and evaporation, in the high- 
water tubes, even at the highest firing pressure drum. 
rates. Half of the water tubes composing The low-pressure boiler is of the 
the fire-box are arranged in such a way: ordinary type, having flue tubes, 3-inch 
that they cross each other immediately diameter, all containing superheater 
below the high-pressure drum, and thus elements, According to actual evapora- 
close the combustion chamber at the top tion trial tests, the high-pressure boiler 
and protect the drum from the influence produced something like 66 % of the 
of the fire-box gases. a total steam at a firing rate of 30 Ib. of 
The water-tube system of the fire-box coal per square foot of grate area. But 
was originally divided into six sections, at a firing rate of 92 Ib. per square. foot, 
each containing from 17 1/2 tot 24 gal- the corresponding share of the high- 
lons of water. Subsequent to the trials pressure steam was only 47 %. The 
which were carried out from 2 February low-pressure boiler also acts as a feed- 
to 26 March 1927, by the German Federal water heater for the high-pressure 
Railway Company, these six sections boiler. The feed water is drawn 
were reduced to two. As a result, there from the tender and fed into it in the 


:road tests (continued). 


Coal consumption, 


Smoke box gas analysis, 


poundsea = | 3 per cent. a 
mo . 3S 32 coe | “re ek < 8 E 
o = PS) Aa iS 
: = ne eae 288 3 aoa 
4 oe ae HS aoe 5 28 
3 as Be ee eae co. co ) H 5 eth 
5 28 a5 : Seok 3 = : ys oe 
: ese = D4 
a & oa a 
= —EE—— 
oi 68 69 70 | 7 | 72 73 74 75 76 77 
nee 
167 resyea Oo TANG 12 760 TAS 8 0.4 6.6 0.4 46 87.5 
291 ys) 2.50 6.85 12 760 142 iGY? 6.6 0.4 46 82.0 
mas | 69.8 | 2.28 | 8.40 | 12760 | 12.2 | 0.0 | 7.0 | 0.0 | 50 13.5 
1576 62.0 2.94 mde 12 ‘760 12 obo) 0.4 | 620 0.0 40 70.0 
+ 230 641.4 2.25 8.25 2 760 12.0 0.2 lose, 0.2 52 69.25 
972 51.0 2.88 7.99 12760 12.4 0.2 UAW Ov 50 63.75 
039 87.5 2.36 7.33 12 760 11.6 (Op 2 en ieee Orn) (Oa 46 67.0 
- 843 81.3 2.59 7.40 12 760 12.6 0.2 6.4 One 44 64.4 
232 116.0 2.46 6 76 {2 760 10.8 0.4 7.4 0.4 54 81.5 


posed to the fire, viz., 217.43 square feet. 
total running times. 


usual way. Hence, the scale deposits 
are, to a large extent, separated in the 
low-pressure boiler, and there is very 
little, if any, deposition in the high- 
pressure drum. 

Part of the water which is heated in 
the low-pressure boiler to the tempera- 
ture corresponding to the pressure is fed 
to the high-pressure boiler through a hot 
water pump. The high-pressure boiler 
has, in consequence, to transmit little 
more heat than that required for evapo- 
ration, and thus the well-known advan- 
tage of a very hot feed are secured. 

Should it be required, high-pressure 
steam can, by means of a valve control- 
lable from the cab, be admitted into the 
low-pressure boiler. When raising 
steam, full pressure in the high-pressure 


boiler can be obtained in 20 minutes. 
The low-pressure boiler is slower in 
reaching its full pressure. But if the 
surplus high-pressure steam be blown 
into the low-pressure boiler by means 
of this valve, the working pressure in 
that boiler can be quickly attained. 

The supply of high-pressure steam is 
controlled by a regulator, which is 
worked in the usual manner from a lever 
in the cab. The same regulator rod also 
controls the supply of steam to another 
regulator controlling the low-pressure 
steam. That is to say, the supply of 
high-pressure and low-pressure steam is 
controlled by separate regulators, but 
they are actuated by a single control, 
common to both. A 

After leaving the hiaioprean regu- 


HESEO Siren 


lator, steam passes into a superheater 
situated in the lower boiler tubes, 
where its temperature is raised to ap- 
proximately 750° F. It then enters the 
high-pressure cylinders. The exhaust 
from the high-pressure cylinders mixes 
with low-pressure steam, which has been 
superheated to a temperature of approxi- 
mately 800° F. in a superheater situated 
in the upper boiler tubes. This mixture 
of exhaust and low-pressure steam is 
then used in the two low-pressure 
cylinders, 

The operation of this locomotive is 
similar to that of the ordinary type. 
There is only one regulator handle, but 
there are two water gauges to watch and 
two boiler feed systems to handle. An 
indirect water gauge is used for the high- 
pressure boiler, but it has been found 
that it is not necessary to pay such 
particular care to the height of the water 
as in the case of an ordinary locomotive 
boiler with a crown sheet. - In the event 
of the heating elements becoming tem- 
porarily uncovered, no damage is occa- 
sioned. The firing, however, is lighter in 
this method of steam generation, so that 
there is ample time to attend to these 
duties. 

The valve gears of the high-pressure 
and low-pressure cylinders are of the 
conjugated type, the use of which is 
made possible because the required cut- 
offs in both the high-pressure and low- 
pressure cylinders are approximately the 
same, owing to supplementary low- 
pressure steam. being provided. 

The initial trials showed up several 
defects, but they were of a minor 
character, and did not affect the design 
in general. As previously stated, ‘the 
heating elements were formerly in six 
sections, and after the trials these’ six 
sections were reduced to two. In the 
table given below, the six ‘sections are 
numbered separately, 

Steam from the low-pressure boiler 
was found to be relatively wet, and the 
superheat in the low-pressure cylinders 


~ Jocomotives, 


lower than was anticipated. In addition, 
the full steam pressure in both boilers 
was not maintained, as the blast pipe 
action was not satisfactory. Further- 
more, the lagging of the water-tube fire- 
box was not quite air-tight, so that, in 
consequence of air leaks, combustion was 
not very efficient. These various defects 
have now been remedied, and it is anti- 
cipated that coal savings will be further 
increased. Alterations have also been 
made to the cut-off. 


Trials 


The trials, of which the results are 
tabulated above, were carried out by 
the German Federal Railways, with the 
aid of a dynamometer car on a section 
which is practically level. It was 
unfortunate that during the trials speed 
had to be reduced over a portion of the 
section, owing to reconstruction work 
being carried out. The quantity of feed 
water was measured by a water meter; 
the quantity of water pumped from the 
low-pressure boiler into the high-pres- 
sure boiler was also measured. Indicator 
diagrams were taken every 3.1 miles. 

Upper Silesian large coal with a calo- 
rific value of 12760 British thermal 
units per pound was used. The steam 
consumption per draw-bar H. P. — see 
table — is calculated after deducting the 
steam used for pumps. It must be borne 
in mind that the speed of this high-pres- 
sure locomotive in the trial runs was 
considerably higher than that of other 
and also that the others 
were built for heavier duty. The average 
speed for the running time under steam 
was 49.7 to 51.6 miles per hour; the 
actual speed when running unchecked 
was mostly between 59.9 and 62.1, the 
difference being accounted for by 
starting, stopping and slow running 
owing to the reconstruction work. 

The high-pressure feed pumps, as was 
determined by test, consumed an equival- ’ 
lent of 5.5 % of the water pumped, and 
the low-pressure feed pump 2 %. 
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The effective heating surface of both 
high and low-pressure boilers is calculat- 
ed on the surface in contact with the 
fire gases. A moisture of 10 % in the 
high-pressure drum was allowed for, 
and it was also assumed that the low- 
pressure steam reached the superheater 
with 10 % moisture. 

On the constructional and operating 
side of this design, it should be noted 
that there are no stayed surfaces, either 
in the indirect system or in the high- 
pressure steam drum; consequently, the 
factor of failure is lessened and the fac- 
tor of safety increased. The closed 
circuit system does not require much 
water, and even if a failure took place in 
any of the tubes, the result would not be 
serious, certainly not half so serious as 
the bursting or blowing out of an ordi- 
nary flue tube in the standard type loco- 
motive boiler. 

The clearing of any sludge which may 
be deposited in the drum is quite easily 
effected, and, as stated above, the indi- 
rect heating. system is a closed circuit 
and uses water which is scale and 
corrosion-free. In practice, the firing up 
of a boiler with the indirect heating 
system can be done much more rapidly 
and with less stressing of the boiler 
material than with the usual type of 
steam generator. 

As compared with a boiler of the ordi- 
nary type for a locomotive, there is 
little or no increase in the weight of the 
two-pressure high-pressure boiler. We 
are told that designs have been got out 


which show that it can be readily fitted, 
within the limits of gauge and axle load, 
to existing types of locomotives in this 
country. We are also informed that the 
engine, when stripped after service, 
showed no greater wear on the various 
parts — piston-rods, packings, bushings, 
cylinder walls, piston valves — than 
would occur in a locomotive under 
ordinary pressures. Lubrication has 
given no trouble. 

It must be borne in mind that this 
boiler and_ the alterations to the engine 
on which it is fitted were carried out 
entirely from theoretical calculations. 
There was no previous practical know- 
ledge of exactly what would be the 
proper proportions, either of cylinder 
volumes or heating surfaces required to 
produce the results which have been 
obtained, nor was there any practical 
experience of how the engine would 
work in actual service until it was built. 
Some changes — as, for example, the 
reduction of the groups of high-pressure 
boiler heating elements to two-in place 
of six — have already been made, and 


—others are in contemplation. 


A careful examination of the long 
table of trial results which we are 


enabled to give through the courtesy of 


Dr. Wagner and of The Superheater 
Company, Ltd., of 195, Strand, London, 
who handle the design in this country, 
will well repay the time spent by those 
who are interested in the details of loco- 
motive performance, pee . 


[ 621.132 8 ( 42) ] 


2000 H. P. Ljungstrém turbine locomotive. 


Figs. 1 to 17, pp. 43] to 438. eee 


The English edition of the Bulletin for 
March 1923 gave a description of the 
Ljungstrém turbine locomotive built for 


the Swedish State Railways. A new en- 
gine designed according to the same 
general principles has recently been 
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built in England by Messrs, Beyer, Pea- 
cock & Co. of the Gorton Foundry, Man- 
chester. This engine differs from the 
previous one by the fact that certain es- 
sential parts have been simplified and 
improved, and also by the fact that cer- 
tain safety devices fitted to the first en- 
gine have been left off. The following 
details have been taken from Engineer- 
ing. 


The engine was designed so as to be 
capable of hauling English express trains 
at a maximum speed of 75 miles per 
hour, but in actual service, speeds of 
76 miles per hour have already been 
exceeded, and speeds of 80 miles per 
hour are quite within its powers. In 
order ‘to gain experience with the new 
type, the builders made arrangements 
by which for some months past the en- 
gine has been running in regular ser- 
vice on the Midland section of the Lon- 
don Midland & Scottish Railway. As 
shown in figure 1, its length over buf- 
fers is 73 ft. 11 in., and in height and 
width it is up to the very limit of the 
Midland loading gauge. When carrying 
its full load of fuel (6 tons) and 1.950 gal- 
lons of water, the engine has a_ total 
weight of 143 tons 14 ewt., of which over 
o4 tons are available for adhesion. Tak- 
ing the coefficient of adhesion as one- 
third, it is thus capable of developing a 
pull of over 18 tons at the drawbar. In 
service, a drawbar pull of 9.9 tons was 
recorded during a run made in May 1927 
from Derby tto Bedford. The load on 
this occasion consisted of 13 double bo- 
gie carriages, the total weight behind the 
engine being over 400 tons. The engine 
has also been used on the express ser- 
vice between Manchester and Derby, for 
which it has hitherto been necessary to 
use a pilot engine to take the train up 
the heavy grades between Manchester 
and Peak Forest. The turbine locomo- 
tive proved not only capable of making 
this run without assistance, but on one 
occasion, when the train was delayed in 


starting, made up seven minutes before 
Derby. . 

In spite of its exceptional haulage pow- 
ers, it consumes less fuel than the stan- 
dard express engine. The Ljungstrém en- 
gine is, moreover, capable of running 
very long distances without replenish- 
ment of its water supplies. One of these 
engines now in service on the metre- 
gauge Argentine State Railways has made. 
a continuous trip of over 500 km. (310 
miles) without re-watering. In England 
this property is probably somewhat less 
valuable than elsewhere, since most of 
the main lines are now provided with 
track troughs. Even here, however, the _ 
fact that the turbine locomotive can 
make long runs without re-watering has 
some very substantial advantages, since 
it makes practicable a choice of feed 
waters, and may thus materially reduce 
boiler-cleaning. 


Another valuable characteristic of thé 
turbine locomotive is its large starting 
torque. The starting torque of a turbine 
is, in fact, just double the torque deve- 
loped at maximum efficiency. The above 
figure can, of course, be increased to 
almost any extent by the use of a by-pass, 
short circuiting the high pressure stages. 
Moreover, there is no dead centre. and 
the necessity for backing a train in order 
to secure a start forward, which is to- 
day a common experience at some of 
our railway stations, never arises with 


a turbine engine. As a further point in 


favour of the type, it may be noted that 
recent investigations have definitely de- 
monstrated that impact loads on bridges 
are predominantly due to the imperfect 
balance of the ordiniary two-cylinder lo- 
comotive. On most railways, therefore, 
there are certain bridges, over which 
main-line express locomotives are only 
allowed to run at reduced speeds. The 
balance of the turbine locomotive is per- 
fect, and iit is accordingly unnecessary 
to subject it to the same restrictions. 


It will be clear from figure 1, that the 
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complete locomotive consists of two dis- 
tinct sections of nearly equal wheelbase, 
coupled together. The leading section 
constitutes the boiler plant, whilst the 
turbine, the reduction gearing, and the 
condenser are borne by the trailing sec- 
tion, which is mounted on three driving 
axles and a four-wheeled trailing bogie. 

A longitudinal section through the 
steam generating element is reproduced 
in figure 3, and half-plans, one being in 
section, lin figure 4. The boiler is of the 
Belpaire type, and is designed for a 
working pressure of 300 lb. per square 
inch. It is 9 ft. 6 5/8 in. long between 
tube pilates. The tubes are of steel, and 
are 2 1/2 inches in external diameter, 
with a total heating surface of 1 480 
square feet. There is, in addition, 140 
square feet of heating surface in the fire- 
box. The superheating surface provid- 
ed is 640 square feet. The superheater 
is built up ofa series of tubes 13/16 inch 
in outer diameter. Each element is 
formed by twice doubling back on itself 
one of these tubes, so as to form two U 
bends, one of which is longer than the 
other. Each of the ducts thus constitut- 
ed is packed inside one of the boiler 
tubes, and the steam to be superheated 
passes first down one leg of the longer U 
bend anid up the other, and then tra- 
verses similarly the other U bend, from 
which it is delivered to a header con- 
nected to the main steam pipe. In prac- 
tice a superheat of 150° F. is easily main- 
tained. 

Owing ito the obstruction caused by the 
superheater elements, its is impossible to 
clean the boiler tubes by brushing, and 
the operation is accordingly effected by 
jets of high-pressure steam delivered 
from a Parry soot blower, 

Since the steam is condensed, the ne- 
cessary chimney draught must be provid- 
ed otherwise than by a blast pipe, A tur- 
bine-driven fan is accordingly installed 
on the front of the smoke-box, which is 
extended ahead of the chimney, as 
shown, so as to provide room for the air 


preheater. A photograph of the draught 
turbine and its fan is reproduced in 
figure 7. The normal speed of the tur- 
bine is 28000 to 30000 revolutions per 
minute, and the fan is driven through 
reduction gearing at 6000 revolutions 
per minute. The air is drawn in 
through a set of louvres arranged in 
front of the smoke-box. These louvres 
are interlocked, in a simple but effec- 
tive way, with the firing door, so that 
the latter cannot ‘be opened unless the 
louvres are completely closed. The air 
which enters by these louvres passes 
first through ‘a preheater of the standard 
Ljungstrém type. This device consists 
essentially of a drum divided by radial 
partitions into a series of chambers, 
which are packed with thin steel plates, 
ribbed and studded so as to present a 
very large surface to gases passing 
through the chamber. The drum is in- 
terpolated between two cylindrical cham- 
bers, each of which is divided in two by 
a diametral partition. The incoming air 
enters the apparatus through one of the 
semi-circular compartments formed as 
above described, and passes through the 
drum into the corresponding chamber 
on the other side. The hot gases pass 
similarly through the other half of the 
apparatus. The ‘drum is kept in constant 
slow rotation, so that the steel plate 
packing having picked up heat from the 
flue gases, is carried round, so as to be 
traversed by the incoming air, which is 
thus preheated before it passes .on ito the 
furnace. Short circuiting, which might 
occur, as a compartment of the drum 
passes the diametral partitions above 
mentioned, is prevented by guard plates 
in the shape of sectors, which are suffi- 
ciently wide to cover completely one of 
the chambers of the rotating drum. 
Referring to figure 3, the flue gases 
discharged at a, pass round the base of 
the chimney and through the upper half 
of the drum shown, where their tem- 
perature iis reduced to about 150° C. The 


gases are delivered from the drum into 
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the chamber b and thence are forced by 
the fan through the central opening c, to 
the uptake. The fresh air is drawn 
through tthe louvres into the chamber d. 
It passes then through the lower half of 
the rotating drum into the chamber e, 
and thence by the duct f, to the closed 
ashpit g. A by-pass is provided by 
which about 25 % of the incoming air 
is diverted directly into the fire-box 
through the port A. The smoke-box ex- 
tension, in which the preheater is hous- 
ed, is mounted on hinges, so that access 
is easily obtained to the drum of the pre- 
heater and to the fan. The drum rests 
on 6-inch rollers, which are coupled by 
chain gearing to the fan shaft, and these 
rollers drive the drum by friction at 
about 6 revolutions per minute. For use 
when raising steam or when cleaning 
fires, a ring blower is fitted at the base 
of the chimney. 

The fire-box plating is of steel 7/16 inch 
thick. The grate area provided is 
30 square feet. In addition to the brick 
arch shown in figure 3, four large water 
tubes are fitted inside the fire-box. 

The regulator shown in the steam 
dome is used solely for emergency pur- 
poses, the engine being controlled by an 
independent regulator mounted on the 
trailing section of the locomotive, but 
operated from the footplate by the handle 
shown at i. Just above this can be seen 
the handle g, by which the reversing 
gear is operated. Both ‘controls are 
within easy reach of the driver’s seat. 
Independent control valves are provided 
for the blower turbine, the condenser fan 
turbine, and for the feed pumps. 

The bunker holds 6 tons of coal, and 
is arranged behind the foot plate. The 
two side tanks, best seen in the general 
view, figure 2, hold 600 gallons of water 
and about 1350 gallons more are con- 
tained in the condenser tank, to be sub- 
sequently described. The brakes for ithe 
six trailing wheels of the boiler carrier 
are steam operated. The engine is also 
equipped with standard vacuum brake 


fittings, the discharge from the air ejec- 
tors being passed into the feed heaters. 

The steam-using part of the plant is, as 
already noted, mounted on the trailing 
component of the complete locomotive. 
The two components are coupled togeth- 
er by a bronze-bushed ball joint, which 
can be seen to the right of figure 3. 
A longitudinal section through the trailing 
component, or condenser vehicle, is re- 
produced in figure 5, and half-plans, one 
giving a section, in figure 6. The main 
by which the steam is conveyed from the 
boiler to the turbines on the condenser 
vehicle is provided with an expansion 
joint on the boiler vehicle, and termi- 
nates in the ball joint shown at a, figures 
5 and 6. The general characteristics of 
the turbine will be readily understood 
from the photographs reproduced in 
figures 8, 9 and 10. As there shown, it 
is of ithe disc and drum type. The rotor 
has a single-row impulse wheel at its 
high-pressure end, which is followed by 
18 rows of reaction blading. In the tur- 
bine used for the original Ljungstrém 
locomotive, the first stage had a two-row 
velocity compounded wheel, and the last 
row of reaction blading was divided into 
two sections, an inner and an _ outer. 
The steam which passed through the 
inner section was subsequently turned 
round through 180° and directed back 
through the outer section of blading, 
which delivered it to ‘the exhaust branch. 
This arrangement has in the present in- 
stance been replaced by a somewhat 
simpler construction. The designed ma- 
ximum speed of the rotor is 10 500 revo- 
lutions per minute, which corresponds to 
an engine speed of 75 miles per hour, and 
(with full-steam pressure) to an output 
of 2000 brake horse-power. The torque 
is transmitted to the leading driving axle 


through triple-reduction gearing, housed 


in the casing shown in figure 5. 

The turbine rotor shaft and the first 
pinion shaft are both hollow, and _ the 
drive is transmitted from the one to the 
other by a solid shaft of small diameter, 
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which passes through both from end to 
end. At each of its extremities, itis con- 
nected by flexible discs, in the one case 
to the rotor shaft, and in the other to the 
pinion shaft. A view of this pinion shaft 
is reproduced in figure 11. To promote 
uniformity of distribution of the load 
over the whole ‘length of the teeth, the 
metal between adjacent teeth is deeply 
grooved, as inidicated in figure 11. Thus 
each tooth stands, as it were, on the top 
of a long thin elastic wail. 
deflects a litthe under any inequality of 
loading, thus distributing a local excess 
of pressure over a considerable length of 
tooth. The device in question is also 
able to compensate for minute errors of 
pitch, thus compelling each tooth ito take 
its fair share of the load. 

There are two second-motion pinions, 
both of which are shown in figure 12. 
One of these pinions is idle when the 
locomotive is running boiler first, but 
comes into use when the direction of mo- 
tion is reversed. The pinion teeth, as in 
the case of the first motion shaft, are 
mounted on flexible walls. 

In figure 5 the gears are in the posi- 
tion which they occupy when the toco- 
motive is running boiler first. As there 
shown, the first-motion pinions are in 
gear with the wheels n on the second- 
motion pinion-shaft, and the pinions on 
the latter are in gear with the wheels on 
the third-motion shaft, a photograph of 
these being reproduced in figure 13. The 
double-helical pinion on this third shaft 
gears with a wheel coupled flexibly to 
the leading driving axle of the locomo- 
tive. Photographs of this wheel are re- 
produced in figures 14 and 15, As there 
shown, the rim is carried by radial 
spokes, which are built up of a number 
of leaves of spring steel, secured at their 
inner ends to the hollow shaft or quill 
shown in figures 14 and 16. A second 
hollow shaft (shown separately in fig. 17) 
passes through that carrying the gear 
wheel, and this is traversed in its turn 
by the leading driving axle, to which it 
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is rigidly -coupled. Both the hollow 
shafts are provided at each.end with three 
arms. These arms are coupled together 
by a linkage visible in figure 15. This 
transmits the drive, but allows the inner 
shaft and the corresponding driving 
axle to oscillate freely on the vehicle 
springs. 

Referring back ‘to figure 5 it will be 
seen that the reversing wheel p and its 
pinion are completely out of gear. Both 
p and n are mounted on eccentrics, and 
reversal of motion is effected by rotating 
these eccentrics by a weighbar and link- 
age operated by a screw-gear. Thus, as 
the eccentrics, on which nis mounted, 
are rotated, its pinions are raised out of 
engagement with ‘the wheels o, but mat- 
ters are so arraniged that, during the 
whole of this operation, n remains in 
gear with the first motion pinion. The 
eccentrics on which p is mounted are ro- 
tated by the same motion of the revers- 
ing handle. By this rotation, p is brought 
into engagement with n, whilst the pi- 
nions on the same shaft as p are simul- 
taneously brought into engagement with 
o. By this introduction of the idler p 
into the gear system, the direction of 
motion of the driving axles is reversed. 

The change of gears is effected by the 
handile g, shown in figure 3, just above 
the main regulator hanidle i. Interlock- 
ing gear is provided, which makes it im- 
possible to move q unless the regulator 
is completely closed and the engine 
brought to rest. Similarly, the regulator 
cannot be opened unless the handle q is 
firmly locked in one of its two extreme 
positions. At times the teeth may foul 
during the operations of gear-changing. 
Should this occur the motion’ of the 
handle q is reversed for a single turn. 
This automatically lowers a pawl be- 
tween two of the teeth in p, and by means 
of this pawl turns p round by a fraction 
of a pitch. Hence, on resuming the ori- 
ginal direction of the motion of q, the 
teeth fall into gear, and at the same time 
the pawl is lifted clear of p and prevent- 
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ed from re-engagement by a:cam plate, 
which must be in either of one of two 
positions before the pawl can engage. 
In both running positions therefore this 
pawl stands quite clear of the wheel p. 

Actual experience in running trains 
on the Midland line has shown that the 
turbine Jocomotive is manceuvred at 
least as rapidly as the ordinary engine. 
This has been repeatedly demonstrated 
in connection with the Manchester to 
Derby run, in which two carriages have 
to be picked up from a siding at Cheadle 
Heath. For this operation four minutes 
are allowed by the Company’s regula- 
tions, but the Ljugstrém locomotive has 
never required so large an allowance of 
time. 

Almost the whole remainder of the 
trailing section of the locomotive is oc- 
cupied by the condenser and its acces- 
sories. One of the principal components 
of the condenser is the horizontal cylin- 
der supported from’ the underframes by 
flexible plates, which allow of free ex- 
pansion under changes of temperature. 
At its leading end iit terminates in a steel 
casting to which the turbine exhaust 
flange is bolted. The exhaust steam is 
discharged directly into the cylinder, the 
lower half of which serves as a water 
tank, capable of holding about 1350 gal 
lons of water. The space above the water 
level is connected by the branches, 
shown iin figure 5, with cast-iron head- 
ers r running along each side of the ve- 
hicle. Figure 6 shows also the four fans, 
provided for drawing the air in between 
the cooling tubes, by which the conden- 
sation of the steam is effected. These 
tubes form the sides of the condenser ve- 
hicle. They are of copper-and measure 
6 inches by 1/16 inch in cross section and 
are 5 ft, 3 in, long. In all, about 2500 
are employed to provide the cooling sur- 
face needed. Externally each tube is 
ribbed on both sides. The ribs make an 
angle with ithe axis of the tube, and slope 
different ways tin adjacent tubes. The 
two sets of ribs, therefore, cross each 


other at an angle and thus, not only in- 
crease the cooling surface exposed to the 
air but act as spacers between the tubes. 
The fact that abutting ribs slope different 
ways serves also to promote turbulence 
in the air passing between the tubes, and 
thus increases its cooling effect. This air 
is drawn in. by the fans shown in figure 6. 

The steam exhausted from the turbine 
enters the condenser cylinder above 
water level and is-met by a spray of 
water which falls from a perforated tray 
shown at s in figure 5. This water is 
raised on 'to the tray by the simple cen- 
trifugal pump shown at f¢, figure 5. This 
pump is driven by bevel gearing from 
the tail of the horizontal shaft which 
drives the four air-circulating fans. 
A.certain amount of steam is condensed 
by the water spray provided as stated. 
The remainder passes into the upper 
headers and down through the flattened 
cooling tubes into the lower headers. 
The water condensed during the passage 
collects in the sump u, figure 5, from 
which it is raised into the condenser tank 
by a steam-actuated jet pump. Whilst 
the condensate collects in the sump u as 
just exiplained, the vapour and air pass 
on to the leading end of the lower head- 
ers. Here there are, on each side, 14 of 
the cooling tubes, leading up to a blank- 
ed off section of the upper header. The 
vapour and air are drawn up these tubes 
by the action of a steam jet air pump. 
During the passage much of the residual 
vapour is condensed, and is discharged 
into the top of the feed tank. The air 
also drawn off by ‘the ejector is deliver- ; 
ed into the same tank, whence it escapes & 
to the atmosphere. ‘ 

In service, a vacuum of 27 3/4 inches 
has at times been attained, but the aver- 
age figure realised during.a run is about 
25 inches. Occasionally it may fall to 
15 inches. 

The four air-circulating fans have a 
diameter of 6 ft. 9 in. They are driven 
by level gearing from a horizontal shaft — 
coupled by reduction gearing ‘to an inde- 
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pendent steam turbine capable of gene- 
rating 300 brake horse-power. This tur- 
bine is shown in position at w, figure 5. 
As in the case of the draught turbine, the 
exhaust is passed directly into the con- 
denser. 

The feed on its way to the feed pumps 
is passed through a two-stage feed heater 
located at v, figure 5. The steam for 
these heaters is derived in part from the 
gland leakage, in part from the vacuum 
brake ejectors, and in part from the ex- 
haust of the feed pump turbine. 

There are two feed pumps, one of 
which serves as a stand by. Both are of 
the two-stage centrifugal type, and are 
driven by a turbine designed to make 
28 000 to 30000 revolutions per minute. 


The high-pressure impeller is mounted 
directly on the turbine shaft, but the 
lower pressure impeller is geared down. 
An oil pump, of the gear type is fitted in 
the bottom of the casing. All the high- 
speed bearings have forced lubrication. 
The oil discharged from the bearings is 
collected, strained and cooled by water 
circulated through the cooler by the 
small pump shown at z, figure 3. The 
drive is derived from the draught tur- 
bine by means of chain and spur gear- 
ing. 

The six trailing wheels on the boiler 
vehicle have steam-actuated brakes, 
whilst vacuum brakes are used for the 
six driving wheels on the condenser ve- 
hicle. 
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Re-organisation of methods of carrying out repairs in the shops 
at the locomotive depots of the Paris Orleans Railway Company, 


By J. PRZEU, 


ENGINEER IN CHIEF Ol THE LOCOMOTIVE DEPARTMENT, 


(Revue générale des chemins de fer.) 


For many years the Main Workshops 
of the Orleans Company have been orga- 
nised in accordance with a method that 
Mr. Bloch, chief engineer for rolling 
stock and works, described in detail in 
an article published in the April-May and 
June 1925 numbers of the Revue Géné- 
rale des chemins de fer. 

The repair shops at the depots have 
been organised on the same principles 
modified to suit the peculiarities of the 
depots; this organisation will be describ- 
ed in this present article. 

First of all it is desirable to give some 
idea of the kind and extent of repairs 
cearried out in the shops at the depots, 
together with some indication as to how 
the work is distributed between these 
and the main shops. In this respect the 
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practice of the various French systems 
at present differs considerably. 

In principle, the repair shop at.a depot 
carries out light and heavy running re- 
pairs to the locomotives, the engines 
only being sent to the main shops when 
requiring heavy fire-box repairs, such as 
the renewal of plates, repairs to boilers 
and serious damage resulting from an 
accident. In this way every engine 
passes through the main shops on an 
average once every ten years. 

It can thus be seen that the role assign- 
ed to the depot shop is very important 
and therefore justifies the many tools 
provided in the shop, as well as a ra- 
tional organisation of its methods. 

The light and heavy repairs carried 
out during ordinary maintenance at the 
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depots are classified into two categories : 

1. Daily repairs, such as re-making 
joints,inspection of stop valves, replace- 
ment of parts broken in service known 
as: « Travaux de bricole » (ordinary 
running repairs) ; 

2. Periodical repairs which are of two 
kinds : 

a) Piston, slide, and valve repairs cal- 
led P. T. (« pistons-tiroirs »). These 
consist -of the examination of the cylin- 
ders, slide and piston valves, anid if re- 
quired the replacement of any rings. 

Advantage is taken of the locomotive 
being stopped for this purpose to take up 
play in the rods as well as any excessive 
play in the different parts of the gear; 
the locomotive is not lifted, however, 
except in cases of damage due to acci- 
dent. Repairs of this kind are carried 
out after 35 to 40000 km. (22 to 25 000 
miles). 

b) Wheels, valves and pistons repairs 
called R. P. T. (« roues, pistons, tiroirs >), 
consisting of a complete overhaul of the 
locomotive. The wheels are removed 
for turning up the tyres, all parts of the 
frame are examined, the play in any part 
is taken up. The boiler is very carefully 
examined and the necessary repairs 
made io it. These latter repairs are, 
however, limited 'to patching the firebox 
and wrapper, renewal of stays, palm 
stays and longitudinal stays of the tube 
plates if needed. These repairs are car- 
ried out after a mileage of 80 to 
100 000 km. (50 to 62000 miles). 


It will be of interest to see how these 
repairs have been carried out at the de- 
pot shop, and to consider the reasons 
which led us to change the organisation. 

Twenty years ago the repairs carried 
out at the sheds were relatively few : 
little by little they increased as the result 
of the larger number of locomotives, and 
the greater difficulty of repairing them 
as they became more complicated. 

As the repairs increased the impor- 
tance of the workshops at the depots as 


plied by ‘the driver. ~ 


regards equipment and staff grew, but 
as it was thought no useful purpose 
would be served by altering their orga- 
nisation, they retained the character of a 
shop for carrying out running repairs as 
nequired by the service. Of course it is 
very evident that whilst the new methods 
resulting from the scientific organisation 
of the shops increases in a high propor- 
tion the output of the men, it may also 
reduce the freedom of action of the de- : 
pot unless attention be paid to this point. 
This can be a serious drawback at a de- 
pot where the repairs to be done do not 
occur in any regular order. and where 
sudden rushes of work are frequent. | 
Ordinary small repairs, that is to say, 
the maintenance work to be done daily, 
as booked by the drivers coming off 
duty, were covered by a gang under a 
foreman who took particulars himself of 
the work to be done and distributed it 
amongst the men. This very flexible 
method worked well so long as the driy- : 
ers only wanted odd repairs to be done, 2 
but was not satisfactory when, after the 
war, handymen had to be used as drivers 
and did not always properly appreciate 
the repairs required, whilst at the same 
time the engines became more compli- 
cated. It was necessary at that time to 
control very closely the statements re- 
corded in the repairs book and to go so 
far as to inspect the incoming engines 
by a skilled artisan who decided on the 
repairs needed from the information sup- 


The periodical repairs were controlled 
by chargemen under the orders of a fore- 
man who took over the engines in ac- 
cordance with the programme of repairs 
laid down and saw that the repairs were 
done under the best possible conditions 
although there was no special organisa- 
tion for this purpose. As on locomotives 
the same defects repeat themselves, a 
certain unity in the method of doing the 
work had been obtained as a result of 
the direct intervention of Headquarters’ 
inspectors. No systematic standardisa- 
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‘tion of methods had been undertaken, 
and owing to the lack of written orders 
we were not kept automatically informed 
as to the carrying out of the instructions 
given. 

Therefore we could neither fix the 
time allowed for the same task nor make, 
as between the different shops, the com- 
parisons needed in order ‘to be able to 
follow the proper working of the shops. 

For the following reasons : growth in 
importance of the shops at the depots, 
lowering of the professional standard of 
the drivers, greater complication of the 
engines, need of standardising the repair 
methods so as to introduce the most 
economical procedure everywhere, ne- 
cessity to be able to control at all times 
the output of the different shops, and 
naturally the desire to obtain any pos- 
sible increase in output of the men by 
improved methods of getting the work 
ready, it appeared ‘to be necessary to in- 
troduce into these shops new principles 
of management definitely separating the 
preparation of the work from the execu- 

tion thereof, and instituting an automatic 

control of the work whilst taking care 
to preserve in these shops the flexibility 
needed. 


ORDER OFFICE. 


a) Preparation and distribution of work. 
b) Methods used to carry it out. 


c) Control of 


The organisation in the shops adopted 
with this end in view is expected there- 
fore to cover the following points : 

The laying down of definite work pro- 
grammes; 

The definite separation of the prepa- 
ration of the work from its execution; 

The issueing of written orders for each 
unit of production, adapting these orders 
to the Rowan premium system; 

The standardisation of the 
methods; 

The control of the carrying out of the 
work; 

The organisation of an accounts sys- 


repair 


tem of the labour costs, so as to obtain: 


prices in as great detail as possible and 
to automatically control the times taken. 

A Depot shop (1) therefore includes : 

An organisation for preparing, distri- 
buting and controlling the work called 
« Order Office >; 

An organisation for carrying out the 
work (various gangs of the shop); 

An accounts and administrative orga- 
nisation attached to the administrative 
office of the depot. 


The organisation for dealing with re- 
pairs at a depot is as follows : 


work done. 


d\ Upkeep of equipment. 


Foreman 
— controlling — 
shop. 


Fitting. 
Machine tools. 


Special workers. 


| Erecting gangs. | 


Carrying out work. 


elects Handymen. 


District 
locomo- 


tive 
super- 
| intendent, 


=| Boiler makers. 
| Apprentices. | 


Shed office. 


ortant 


Accounts. 
Statistics. 
Administrative service. 


1) Up to and including Class 2. It did not seem necessary to create any special organisation for the less imp 
depots at which few repairs are done. 
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Order office. 


The order office covers the following 
duties : 


1. Preparation and distribution of the 
work : 

a) Fixing the order in which the work 
is to be done; monthly programme, date 
engines called in, steps to be taken to en- 
force the stopping dates; 

b) Ascertaining in detail] the repairs to 
be done or deciding the worn parts to be 
replaced; 

c) Seeing that supplies of the materials, 
parts and tools needed for the repairs 
are available at the proper time; 


2. Technical investigation into work- 
shop methods, Work cards. Time clocks; 

3. Control of the carrying out of the 
work and of its quality; 

4, Upkeep and development of the tool 
equipment. 


1. Preparation of the work. 


a) Programme of repairs. — There is 
no particular feature of interest in the 
way in which ‘the order of carrying out 
locomotive repairs is decided and the 
monthly programme is drawn up. 

Every month the district locomotive 
superintendent draws. up the programme 
of the repairs to be carried out during 
the following month, taking into account 
the traffic requirements whilst endea- 
vouring to ensure a continuous output of 
work from the shop. 

This programme is brought to the no- 
tice of the staff concerned. The dates the 
engines will be stopped shewn thereon 
are only approximations. The actual 
days and times the engines will be stopp- 
ed are decided four or five days in ad- 
vance, and are sent in writing to the dri- 
ver of the engine, to the shed assistants, 
and to the shop staff, 


b) Determination of the repairs to be 


done. — No repair, no matter of how — 


little importance, can be undertaken by 
the gangs without the order office hav- 
ing first of all drawn up a schedule of 
the work to be done. 

The work schedule for any part is 
drawn up after the part has been exa- 
mined in detail to decide very exactly 
the wear and tear and lays down the 
needed repairs after considering the de- 
sign of the part to the limits prescribed 
for its different component parts and the 
most economical repair methods. The 
schedule oght also to lay down the ma- 
terials needed in carrying out the pres- 
cribed repairs. 

This schedule therefore plays a very 
important part in the repair, both quality 
and economy largely depending on it. 
In all cases it is prepared by the head of 
the order office who is an official of 
sufficiently high standing to take respon- 
sibility for the repairs ordered. 

As soon as an engine is stopped, the 
head of the order office indicates the 
parts to be taken down : when all these 
pieces have been stripped down and 
cleaned, they are placed on a bench in a 
definite order (always the same) and 
examined by the head of the order office 
who says if they are to be replaced or 
to be repaired, and, in the latter case, 
decides the method of repair to be used. 

In order to make the preparation of 
this schedule easier and to standardise 
the repairs, standard work schedules 

have been made out for each class of en- 


gine and list all the operations which can 


be done to the type of engine in question, 
and to its various parts, both when strip- 
ping down and during repairs. The sche- 
dule also gives for each operation in- 
cluded in the work full details with ‘the 
exact wording to be written on the re- 
pair cards as well as the time allowed. 

These standard schedules are of two 
kinds : those for stripping down, erec- 
tion and repairs to the frames by the 
erecting gang; and those for repairs to 
separate parts by fitters and machinists. 

The standard schedules for erection, 
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drawn up according to classes of engines 
and tenders, give in detail all repairs 
which can be done during a « wheels, 
valves and pistons >» repair or when lift- 
ing a tender. These repairs are divided 
into two groups: 


Ordinary repairs and exceptional re- 
pairs. 


The ordinary repairs are those that 
have to be done in any case during each 
type of repair, whatever the general con- 
dition of the engine. Exceptional re- 
pairs, on the contrary, are only to be 
done when the schedule for the different 
parts of the frame prepared by the head 
of the order office shews it is desirable 
to do so. 

The standard schedules for fitting and 
machine work are prepared for each 
class of engine or ‘tender, and for each 
group of parts according to the following 
classification, which is the same for 
every class of locomotive : 


Schedule. 3 
No. 1. Pistons. 
2 et 3. Valves. Piston and slide. 
4. Motion. 
5. Valves. 
6. Injectors, feed pumps, sight feed lubri- 
cators. 
7. Regulator. 
8. Rods. 
9 Wheels. 
10. Axle boxes. 
11. Horns. 
12. Bogie. 
13. Spring gear. 
14. Reversing gear. 
15. Blast pipe, blower, sandgear. _ 
16. Cylinders. 
17. Brake gear. 
18. Blow down cocks, ashpan. 
19. Air pumps. 
20. Brake parts. 
21 Drawgear, cross stays. 
22. Irons, grates, drop-grate. 
23. Speed recorder gear. 
24. Pipe work. 
25. Tender details. 


These schedules give for each fitting 
and ‘each part in detail the whole of the 
repairs that may be needed in conse- 
quence of the ascertained wear and tear. 
They also give the drawing numbers of 
the fittings, the limiting dimensions al- 
lowed, as well as technical information 
on the repair methods to be used and the 
time allowed for the different operations. 

The preparation of these schedules, 
obviously the most complicated feature 
of the new organisation, represents very 
considerable work, seeing that we have 
atleast thirty classes of locomotives and 
that each class necessitated the prepara- 
tion of twenty-six standard schedules 
each forming a considerable volume. 

These standard schedules were pre- 
pared in collaboration with all the depots 
between which we divided the work : 
they were then put in order and printed 
at Headquarters. The preparation of the 
schedules took about four years. 

The role of the head of the order office 
when having to prepare a schedule for a 
repair therefore consists, after he decides 
a part is to be repaired, in selecting from 
the standard schedules the repair corres- 
ponding to the wear and tear he has dis- 
covered, and to take particulars thereof 
with a view to writing out the work 
cards. As we wished to save him all 
clerical work possible, he has been given 
a clerk to whom he dictates in turn from 
the schedule the number of the jobs to 
be carried out. This clerk writes the 
numbers on a special form known as the 
« Schedule sheet » which wil! provide 
automatically, as we shall see later on, 
for the job cards corresponding to the 
repairs proposed and to check the return 
of the cards as soon as the job is done. 
The duty of the head of the order office 
is thus purely technical and he has no 
clerical work to do. 


c) Supply of stores, — It is very im- 
portant, before stopping a locomotive for 
a periodical repair, to have taken all ne- 
cessary steps to see the parts and mate- 
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rial required for the repair are available. 

Particulars of these parts and materials 
needed as ‘a result the wear of certain 
fittings can be ascertained by the reports 
made ;: 

1, At the previous stopping for wheels, 
valves and pistons repairs (parts at the 
maximum dimit of wear); 

2. In service (various defects repaired 
temporarily) ; 

3. During an inspection made a short 
time before ithe engine is stopped (de- 
fects having escaped inspection in ser- 
vice or abnormal wear of fittings). 

As the delivery of certain parts or ma- 
terials takes some little time, it is as well 
to have particulars about three months 
before stopping the engine. 


With this object in view, the order 
office keeps for each engine a special 
card on which is recorded : 

1. When preparing the wheels, valves 
and pistons schedule, all the parts which 
being at the maximum limit of wear will 
have to be renewed at the next « wheels, 
valves and pistons » repair; 

2. In service, all defective parts both 
those having been temporarily repaired 
and those which are to be renewed at 
the next « wheels, valves and pistons » 
repair; 

3. At.an inspection about three months 
before the engine is stopped for a wheels, 
valves and piston repair, all parts worn 
or defective which had not been provid- 
ed for previously. 


After this last inspection the order 
office sends to the depot stores the list 
of the parts or materials required for the 
next repairs of the engine. The stores 
put on one side the parts or materials in 
stock and order the remainder from the 
area stores. 


Distribution of work. 


The work is distributed between the 
different working units by means of job 
cards prepared in accordance with the 
repair schedule, 


No work can be done by any produc- 
tion unit of the depot repair shop (work- 
man or gang) unless a job card, which is 
the authority for doing the work, has 
been ‘given. 

As soon as the schedule is made up, the 
clerk who assisted the head of the order 
office, makes out the job cards, which 
are simply a literal ‘reproduction of the 
description on the standard schedule. 
This work is therefore simple copying 
and needs no technical knowledge. These 
cards are made out by hand at the small 
sheds and typewritten on rolls of paper 
prepared beforehand at the large depots. 

These cards, as soon as written out, 
are sent to the chargemen of the gangs 
concerned who classify them in special 
cabinets by engine and by group of parts, 
and distribute them to the workmen at 
the proper time after inserting on each 
the name of the workman to whom the 
work is given. This indication is the 
only writing the chargeman has to do. 
Naturally the cards are not distributed to 
the men until che chargema knows that 
the parts or materials, and also the tools 
required, are availabte, 

The chargeman when giving out the 
cards should also take into account the 
date by which tthe job should be com- 
pleted. These times are shewn on the 
« time schedules > drawn out beforehand 
in the form of a chart by the order office 
and sent to the chargeman, who has then 
nothing to do but follow them implicitly. 
the men until the chargeman knows that 
parts are received by the erectors at the 
exact moment they need them. © 

The workmen mark on the cards the 
times of starting and of finishing the 
work (except when changing from day 
work to premium work and inversely, 


when this time is marked by the charge- | 


man) and retain them in their own pos- 
session when the work is_ completed. 
Each day the cards are collected by a 
special employee and sent to the depot 
office where after being classified by en- 
gine and-kind of repair they are used, on 
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the one hand, to determine the number 
of hours spent on each repair, and on the 
other to check the use made of the work- 
men, by comparison with the time sheets 
of the men, Finally, the premium to be 
paid to each workman is calculated from 
them. . 

Thanks to the standard schedules, the 
amount of work done under the premium 
system has been greatly developed now 
that the methods of carrying out repairs 
have been laid down. In this way all 
erection and stripping work, all machine 
tool work, and all boiler work, have been 
priced. 


Ordinary running repairs. 


A special organisation was found to be 
needed to deal with the ordinary daily 
_ maintenance work on the locomotives 
known as « shed fitting >. 

Each time a driver returns to the shed, 
he is met near the inspection pit by an 
inspector, a fitter, to whom he describes 
the repairs he thinks the engine needs. 
The fitter examines with him the defec- 
tive parts, sees if the repairs asked for 
are really required after discussing them 
if need be with the driver who, whether 
agreeing or not, but under his own res- 
ponsibility, enters in the special repair 
book the repairs which he asks should be 
done. 

This transformation is sent to the char- 
geman of the shed fitters who writes out 
the corresponding job cards and gives 
them to his men, stating in particular 
where the engine is to be found. 

When a part taken down by the shed 
fitters has to go ‘to the machine shop for 
repairs, the shed fitter’s chargeman sends 
it to the order office with a special card 
stating the work needed and the time by 
which he will want the part; this time 
is of great importance and must be ob- 
served at alli costs. The order office 
writes out the tickets corresponding to 
the work and takes steps to see that the 
part is ready within the time given. - 

It would be a good thing if standard 


schedules, similar to those for the perio- 
dical repairs, were drawn up for the 
shed repairs, but this is however a task 
of considerable magnitude and has not 
yet been completed. 


2. Technical investigation 
into the methods 
of carrying out the work. 


As regards the investigation into the 
methods of carrying out the work, we 
find ourselves in an unusual position 
owing to the fact that we have to deal 
with a large number of depots of insuf- 
ficient importance to justify the cost of 


, a special staff for the investigation but 


which, as they all do work of the same 
kind, can receive technical instructions 
from a central organisation, 

This « Central Investigation Office » si- 
tuated at Paris, has the following princi- 
pal duties : 

1. To make uniform the methods of re- 
pair of the different fittings of the loco- 
motives, so that in choosing-the very 
best methods, standard schedules can be 
prepared and kept up to date. 

The repairing of locomotives is an ex- 
tremely complicated question, and one of 
a quite special technique. Putting the 
various parts into good order does not 
necessarily mean restoring them to new 
condition and to the dimensions of the 
drawings to which they were made. In 
the most general case, wear is allowed 
within limits determined by the strength 
of the fitting or by the work it is called 
on to do in any determined assembly of 
parts. The individual repair of the parts 
is therefore not the only thing ‘to be taken 
into account, the question of assembly is 
very important. 

The whole of the notes dealing with the 
assembly of each fitting, built up of many 
detail parts and the co-ordination of the 
fittings. with one another could not be 
entered on the standard schedules, which 
are only a simple indication of the re- 
pairs that can be made to each of the 
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parts of the engine taken individually. 
It has therefore been necessary to give 
precise details thereof in special docu- 
ments entitled « Technical notes on re- 
pairs >. 

A technical note had to be prepared 
for each fitting which indicated in de- 
tail its condition for good working and 
the limiting dimensions of repair and 
wear to be observed. These technical 
notes, like the standard schedules, have 
been prepared by the order offices at the 
depots, and are then checked over and 
completed by the Central Investigation 
Office. 

2. Complete preparation of certain 


works of general utility, such as certain . 


notes of alterations applying to several 
depots, so as to obtain in all the depots a 
uniform method of working. 

When a modification of this kind is 
decided on, the Central Investigation 
Office lays down the most economical 
method of carrying it out in as great de- 
tail as possible, even for certain work, 
pointing out the machine tools to be used 
and the method of setting up the work 
in the machines. - 

As soon as the best method has been 
decided upon, a work card giving all ne- 
cessary particulars is made out and 
enables the depots to make the change 
without hesitation. 

3. The preparation of technical notes 
is not sufficient in itself; it is necessary 
to see that they are acted upon. The Cen- 
tral Office is also responsible for this : 
the instructions as to their use are given, 
not in writing, but on the job by specially 
qualified employees, as it were « demon- 
strators >. This method of direct inter- 
vention has given excellent results : it 
has enabled us to have urgent alterations 
which had to be made at several depots 
within a very short period, carried out 
very quickly. 

4, Finally, the Central Investigation 
Office has under its charge ail standar- 
disation questions and improvements in 
the equipment. 


In this matter on the Orleans Railway 
there is complete agreement between the 
depots and the main area workshops. 
These latter, being better equipped, in- 
vestigate at first hand all questions of 
tool equipment, quality of steel, tool 
forms, etc. The Central Investigation 
Office of the depot shops readily adopt 
the conclusions arrived at by the main 
shops and apply them to the special 
work of the depots. 

This Central Investigation Office is 
therefore an essentially executive organ- 
ism. It is furthermore staffed by men 
thoroughly trained on all repair ques- 
tions, men who have spent a considera- 
ble time at a depot, and who remain in 
Paris for a comparatively short time, two 
or three years at most. These men are 
in constant touch with the depots at 
which, in fact, they spend the greater 
part of their time. 

From this brief account, a point I 
should like ito stress will be seen, 7. e., 
that the work has been centralised from 
the technical point of view, but not on 
the administrative side. The Gentral In- 
vestigation Office indicates the manner 
of making the repair, and this in the 
greatest possible detail, but it has noth- 
ing to do with either the preparatory =~ 
work or the distribution of the work, 
which are entirely matters for the local 
order office. : 


3 and 4, Control of the work and upkeep 
of tool equipment. 


These functions which complete the 
role of the order office are self-explana- 
tory and do not call for any special re- 
marks, This office has every facility 
necessary for controlling, at any moment 
during the repair the proper carrying 
out of the work. . > 

As regards tool equipment, the order 
office when using it follows the lines laid 
down by the Central Investigation Office 
and is responsible, in addition, for seeing 
it is kept in proper repair, and renewed 
as necessary. ys ; 
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Recording and distribution 
of time taken. 


The method of recording the time of 
the staff has no special. features. Every 
morning, an employee of the administra- 
tive office, i. e., independent of the exe- 
cutive staff of the repair shop, collects 
the completed cards from the workmen, 
and by comparing the time entered on 
the cards with the time on duty given by 
the shop, checks the way each man has 
been employed. 

This employee also records for each 
workman on a special sheet the compa- 
rison of the working time with the time 
allotted marked on the cards with a view 
to arriving at the premium bonus. 

The cards are then classified so as to 
' shew att the end of the month the time 
taken for each periodic repair, for shed 
repairs to each engine, and for all other 
work that may have been needed. 

-This division, if need be, can be car- 
ried as far as desired in detail so as to 
determine the time taken for the repair 
of particular fittings, and to compare in 
this way different repair methods or the 
same repair method at two different de- 
pots. 


Stores records. 


The organisation we have just describ- 
ed has given less space to materials 
which have only been in question as re- 
gards anticipating needs and placing or- 
ders. The reason is that the depots, hav- 
ing only 'to carry out running repairs, use 
little material, and as it would involve a 
complicated stores system if full details 
had to be kept, we did not think it neces- 
sary to follow up the materials costs in 
the same way as the labour charges. 

The Stores at the depots have a stores 
system which enables them to follow 
month by month the total expenditure 
of each kind of material. The depots 
have a unit of comparison which, other 


things being equal, allows the expendi- 


ture to be followed very closely : the en- 
gine-kilometre. The depot Stores pre- 
pares therefore each month by a simple 
calculation the cost per engine-kilometre 
of each kind of material taken item by 
item when it is a question of expensive 
materials, such as anti-friction metal or 
by groups when of less value. This in- 
formation is much easier to obtain than 
the expenditure per individual repair 
and enables us to follow closey enough 
our consumption of the stores used. 


Results obtained. 


The improvements we have secured 
from this organisation are the following: 

The number of hours of men employed 
on the repairs of locomotives shews since 
1920 for the same mileage ia reduction of 
about 40 % with Jess time taken for the 
repairs and with a better quality of work 
as shewn by the smaller number of acci- 
dents and the lower consumption of 
fuel. It is true a part of this improve- 
ment should be ascribed to the improve- 
ment in the tool equipment, and especial- 
ly to the fact that the output of a large 
number of workmen engaged immedia- 
tely after the war was low at first and 
has increased as they became more pro- 
ficient in their work. 

The comparison of the position of re- 
pairs at depots in 1921 with that before 
the war (1913) shews that the new orga- 
nisation, together with the improvement 
in equipment, and whilst taking into ac- 
count increases in the hourly rates of 
pay, has enabled us to keep the cost of 
running repairs per kilometre at the 
same figure as in 1913, although the aver- 
age power of the locomotives has consi- 
derably increased, and the average ton- 
nage of the trains has been increased by 
at least a third. 

As this new organisation has only re- 
cently been: perfected, it has not yet gi- 
ven its full returns : we hope in the fu- 
ture to get still better results. 
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Technical literature becomes more and 
more markedly specialised. This is one 
of the consequences of the growing in- 
dustrial development. Specialists look 
for books in which the author, whilst en- 
deavouring to give as much useful and 
complete information as he can, has se- 
lected a clearly limited subject so that 
he can deal with it with the greatest ful- 
ness possible. 

Mr. J. Netter’s book belongs to this ca- 
tegory of specialised works. It forms 
part of the Encyclopedia of Applied Me- 
chanics published under the Editorship 
of that great authority, Mr. L. Lecornu. 
Mr. J. Netter is also well known by the 
readers of French periodicals, in which 
he has written many articles on railway 
rolling stock. 


The book is divided into eleven chap- 
ters having the following titles : 
Chapter I : 
stock; 
Chapter II: Constructional details; 
Chapter III : Draw gear; 
Chapter IV : Body; — 
Chapter V : Brakes; 
Chapter VI : Carriage lighting; 
Chapter VII: Carriage heating; 
Chapter VIII : Ferry-boats for the con- 
veyance of rolling stock; 
Chapter IX : French passenger car- 
riages; 
Chapter X : Foreign passenger 
riages; 
Chapter XI: Freight vehicles. 


~ 


car- 


Generalities on rolling — 


Questions under discussion at the pre- 
sent time with particulars and descrip- 
tion of advanced methods of construction 
and of new designs will be found to have 
been dealt with in many places in the 
book. 

Chapter III deals in particular with 
the proposed use of automatic couplers 
in Europe, although very great difficul- 
ties arise in connection therewith. 

Chapter V gives detailed information 
on the application of continuous brakes 
to goods trains and on cab signalling. 

Chapter VI describes the fittings and 
working features of modern train electric 
lighting systems. 

Chapter VII deals with the heating of 
trains on electrically operated railways. 

Chapter IX gives particulars of the 
most interesting features of construction 
and the principal dimensions of modern 
railway carriages, amongst which we 
note especially the steel carriages de- 
signed by the « Office Central d’Etudes 
du Matériel (O. C. E. M.) ». 

Chapter X treats of American steel 
stock which differs from European roll- 
ing stock in its general arrangement and 
in the design of the frame with its main 
longitudinal box girder designed to take 
the automatic draw and buffing gear. 


Chapter XI gives particulars of stan- 
dard French wagons designed by the 
O. C. E. M. 


At the end of the book the author re- 


produces certain official documents of Circular of January 1910 laying down 
considerable value. These are : the general regulations on the braking of - 
trains. * 

Appendix III, The detailed conditions 
to be fulfilled by a continuous brake for 
goods trains as laid down at Berne on 


: Appendix I. The conditions laid down 
as regards rolling stock for international 
traffic including the R. I. C. regulations 


_ for carriages and the R. I. V. for wagons. the 14 May 1909. 
Appendix II, The French Ministerial E. M. 


